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Biodegradable Compounds, 
Compositions, Articles and Methods for Making and Using the Same 



Background of the Invention 

5 1. Field of the Invention 

The present invention relates to biodegradable polymer compositions, in particular 
those containing both phosphate and desaminotyrosyl L-tyrosine ester linkages in the 
polymer backbone and that degrade in vivo into non-toxic residues. The polymers of the 
invention are particularly useful as implantable medical devices and drug delivery 
10 systems. 

2. Description of the Prior Art 

Biocompatible polymeric materials have been used extensively in therapeutic drag 
delivery and medical implant device applications. Sometimes, it is also desirable for such 
polymers to be, not only biocompatible, but also biodegradable to obviate the need for 
5 removing the polymer once its therapeutic value has been exhausted. 

Conventional methods of drag delivery, such as frequent-periodic dosing, are not 
ideal in many cases. For example, with highly toxic drags, frequent conventional dosing 
can result in high initial drag levels at the time of dosing, often at near-toxic levels, 
followed by low drag levels between doses that can be below the level cf their therapeutic 

20 valued However, vvath controlled drag delivery, drag levels can be more nearly maintained 
at therapeutic, but non-toxi6, Idvels by corittolled reUaiSe in a predictable manner over a 

r-.ui:rj ^:-longer term; ■ ''^^ ' ^ ^^'^^^■s ' i • ■ ■ • ' 

^: If a biodegradable mi^dical device is intended for: use as a drag delivery'ar ptheiv. 
cphttplled-release system; u^irig a polymeric carrier is %xi^^ effective means to deliYer the > 

25 therapeutid' agent locally, ^in a c fashion (see L al., (^^^JRey!^ '^ 

Q&m. Phyi, C23(l):dl). ';:!A^, "a result, less total drug :1s required, and toxic;: can be:: 
mimmized^^ ^Polymers have beM used as carriers of therapeutic agents to effect: a Jpcalized 
and sustain:ed release (see 0«/ro//e^ Drug Delivery, '^bls. I'and II; Brack et a)., eds. 
(1^82)^ andiChien et al., (1982) Noyel Drug Delivery tystems% Such delivery -systems 

30 offef the pofential of enhanced therapeutic efficacy and reduced^pverall toxicity. V : 

For a non-biodegradable matrix, the steps leading to release of the tHjetjapeutic 
agent are water diffusion into the matrix, dissolution of tiie jtherdtpeutic agent, and djiffiision;-: 
of the therapeutic agent out through the channels of the matrix As a consdquenCfe, the,: 
mean residence time of the tlierapeutic agent existing in the soluble state is longer, for a ; 



non-Jbjod^gradable matn th,an fojc^a b|ipdegra5laye5;iniatFi^ for which passage through the 
channels .^ol Jhe ,.r^^ ^J^ik ,it , may, . occur, is no Ipnger ; required,, jo $;nce many 
phannaqeutical§-jhave sho^t half-liy^s, therapeutic, jagen^ . can,, d^^ become 
inactivated ,within.thte nt^n-biodegradable mat^^x b?^ore th^y are jeleaspd.. J\ns issue is 
particularly signific^t foj^rmany bio-macrpipolecules an4 ^smaller polypep^dtes, since 
these molecules are generally hydrolytically unstable and have lov^ permeability ithrough a 
polymer matrix. In fact, in a non-biodegradable matrix, many bio-macromolecules 
aggregate and precipitate, blockmg the ch^els necessary for diffusion out of the carrier 
matrix. ' 

These problems are alleviatecL.by using a biodegradable matrix that, in addition to 
some diffusipnal release, alsp allows ; controlled release of the therapeutic agent by 
cjegra^lation of the pd[>aner.m^^ Examples, of classes of synthetic porymer§ jthat have 
been studied as i^ssihle biodegradable materials include polyesters (Pitt et ,al., (1980) 
Controlled Release ofBioactive Materials, Baker, ed.), polyamides (Sidman et al., (1979) 
J, of Membrane ScL, l:^^^ polyurethanes (Maser et al., (1979) 7. of Polymer ScL, 
66:25^), pblyoit^^^ (Well'er, et al,'(l5^80^ Engineering 21:7271), and 

poIyanHydrici^s (Leong et al. {l9S6) Biom'aterials!^^^ Specific examples of 

biodegradable materials that are used as medical implant material:^, are polylactide, 
polyglycolide, polydioxanone," poly(lactide-co-glycolidei polyVglycolide-co- 
polydioxarone), polyanhydndes, pply(glycoiide-co-trimethylene carbonate), and 
poly(glycolide-co-caproractone). 

Polymers having phosphate linkages, c^llec|^poly(phos^^^ poly(phosphonates) 
and poly(phosphites), are Ichbwn; (See Butler; (1967) Reviews in Macromolecular 
Chemistrv, Dekker, ed., Vol.2, 91-177). The respective structures of these three classes of 
compounds, each having Ja^different sidechain connected to the phosphoms atom, are as 
follows: : ^ 



^ri- v ' ^^ .The: versatility of these polymers comfes'-from the versatility 'of the pKospl^rus 
atom, which is known for a multiplicity of reactions. Its bonding can involve the 3p 
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orbitals or Varibus 3s-3p Hy onfisi ^spd hybr^^^ because of the accessible d 

^ - 6Ibita^s^ ThusVthe physi properties 8f tlrie p6ly(phosphoe'sters) cath be readily 

" ^ chahggd by vai7ing either the' of the polyrher is due 
•ici prlrharily-td the phy^iolbgic labile phbsphoesterboriS in the backbone of the 
: <t^5 ByCj^ianipiilating the backbond ^6r^the"sidechain,'a^ wide biodegradation rates are 

iV^^^^ ^r^attaiifeble: '■ ' ■ '^^^^-^^ '0^- ""^ ''■^^ 

An additional^ feature of pply(phosphoesters) is the availability of functional side 
groups. Because phosphorus can be pentavalent, drug molecules or other biologically 
active substances can be chemically linked to the polymer, as shown by Leong, U.S. 
10 Patent Nbs. 5,194,581 and 5,256,765/^ Foi example, drugs with -O-carboxy groups may be 
' coupled to the phosphoms via arl xister- bbrid, which is-^hydrolySzable. The P-O-C group 
^ - backbone also lowers the glass transition temperature of the polymer and, importantly, 
^ confers solubility in common organic solvents, which is desffaBle for easy'6haracterization 
and processing. r^v- ) ..v c ..^; 

15 Kohn et al., U.S. Patent No, 4,638,045, discloses bioerodiWe polymers comprising 

mohomer units of two or three amino acids polymerized via hydrolytically labile bonds at 
* their respective sidechains, rather than at the amino- or carboxylic acid-terminals by amide 
bonds. Zalipsky et al., U.S. Patent No. 5,219,564, discloses copolymers of polyfalkylene 
oxides) and amino acids having pendent functional groups capable of being conjugated 

20 with pharmaceutically active compounds for drug delivery systems. 

Kohn et al., U.S. Patent No. 5,099,060, describes a particularly preferred monomer 
for making amino-acid derived poly(iminocarbonates) as: , . 




:'■/ 'C> 



25 The resulting poly(iminocarbonate) type polymers are said to be hydrolytically unstable 
and yet exhibit improved the;rnml^stability for convenient processing. p Sirail^ tyrosine- 
derived poly(carbonate) compounds have been reported as promising orthopedic implant 
materials. (Ertel et al., (1995) J: Biomedical Materials Res. 29:1337-1348; and Choueka 
et al., (1996) J. Biomed. Materials Res,^ 31:35-41). However, there has been a need for 

3j0[j^ ,-rjmate^^^^ at a sigiuficantly higher rate than desamino tyrosyl L-tyrosine b^d 
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poIy^immocarbonatesX and none of/these doc.uiTieo.ts suggests the use of phosphoester 

linkages in combination with amino acid-derived monomeric units for this punjose 

•■ .i-: ■ .■' '.■ .. ■>■"■ 'o rt' ! •■■ri; 'V.a :?';-:! ' i 

Summary of the Invention j ; j r 

5 ; The present inventiom-is directed to a. polymer sy step,, methods! forrftherapeutic 
and/or cosemetic treatment using the polymer system, and a precursor of the polymer 
system, a liqiiid composition. 

;YK"--. 

One aspect of the present invention, relates to a polymeric composition comprising 
one or more recurring monomeric elements in the polymer represented in the general 
'■ MO formula-(I): ' ■ ' ^ 3. * r ; vt. ! 



>^ Ar— Y— * 

OR.. . 

-'^ ■•'Wherein, y,;!:,:' ' aoJ:t: ^/iy ynr:Kur.c . "-j.^ ;;^^xir'»L.^^'^ ^: 

At, independently for each occurence, represents an aryl moiety; " ' ^ 
X, for each occurence, represents O or S (preferably O); 
1 5 Y represents a phosphate, or derivative thereof; 

R represents H, an alkyi, an alkenyl, an alk^hyl,W aryl or a heterocycle, preferably 
a branched or straight chain aliphatic group )i^aYing4oni 1 -20 carbon atoms; 
Rl represents H or a lower alkyl; and 

n and,m,4ntiepend^Iy^ ^^^^^tkP^P^^^^^<^. 2^.^^ 4 
20 In the above formula, and others used herein, represents another monomeric unit of the 
polymer, which can be the^s^qie or differenti from L o a chain terminating group, e.g., a 
hydrogen or hydroxyl-protecting grolip, as appropriate. 




X r=:frvoi % *^*^^?4^¥^. P^^y^F? orthe dr^vemioivx^omprise 

the recurring monomeric imits shown in formula III: 




wherein: 
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< • P. is selected from the^lg?6up consisting of H,* a'lkyl, ^aryl' or heterbcyclic; and 

' R* is sdected from the group consisting of H, alkyl, alkoxy, aryU aryloxy, 
heterocyclic or heterocycloxy; and 

nis5to500, ^"^^^^ ^ 

:5 . ^^whereih the biodegradable polymer is'biocorripatible before' arid upoii biodegradation. 

• "in another embodiment, the invention comprises polymer compositions 
comprising: 



(a) at least one biologically active substance and 



(b) a polymer having the recurring monomeric units shown in formula 

10 1. 

In yet another embodiment of the invention, an articJe useful for implantation, 
injection, or otherwise placed totally or partially Within the body, comprises the 
biodegradable polymer of formuia I or the above-described polymer composition. 

In ia further embodiment, the invention contemplates a process for preparing a 
15 biodegradable polymer, comprising the step of reacting an amino acid derjyative having 
formula IV: <;iJe>^:3 fi:^T 



HO 




wherein R is as definey at*VS&, with a^^libspH^ 



' ' " - II 

I ■ • I • ■ 

20^ ' ^ ^vvhdfe ''halo"^is Br; (fa'^r i; and k'!^ as dtefined dbSVej^to ibrm ^e pbly Wet of formula I. 

In a still further embodiment of the invention, a method is provided for the 
controlled release of a biologically active substance comprising the steps of: 

(a) combining the biologicall)^ active substance with a biodegradable polymer 
having th6 recurring monomeric units shown in formula I to form an admixture; 

25 '"(b) forming the admixture into a shaped, solid article; and 
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> (c)r J implanting or injecting the solid article > in i vivo at a > preselected; site, such 
' ..t ri : tliat the solid implanted: or injected article is in at least 'partial contact with? a :biological 
- -V fluid. . - J - r^.-c: .::r\h:.iOii ,-r:K!ni(u;,r 

Iii' yeit another embodiment of the prfifsent' Invention;' the pbty^ can 
5 be ijsed & a pharmaceutical carrier in a dfd^* delivery matrix. To foriri'^W matrix the 
polymers and blends can be be mixed v^tl[i^k^^thbrapeuti6 '4geht t form'ffie ni^trix. The 
variety of different therapeutic agents which c!& be used in conjdncfion witK the aliphatic 
polyoxaesters of the invention is vast. iW general, therapelttic 'ijgents' wiiie^^ may be 
administered via the pharmaceutical compositions of the invention ' include, without 
10 iimitatidn: anti infectives such as antibioiibs aiid antiviral agen&^^ analgesick^Md ana^ 

combinations; anorexics; antilifelmintics; ^ antiarthnticst antiasthuiiafic agents; 
anticonvulsants; antidepressants; 'antidiuretic " agents; Wi^iarfliealsi ' ^tihistamines; 
Wiinflaitimatory agents;' antimigraine preparations; fmtinauseaSrts;^'*;^^^^ 
' aritiparkin^bnism drugs; antipriiritics; antipsychotics; aiitipyreVics, luitispasmodics; 
15 ahticholinetgics; sympathorhim^^ derivatives; cardiovascular preparations 

including calciuin channel blocker ' and'^ iteVa*-Wockers - as 'piri^^^ and 

antiarrhythmicsr^^ d[iuredc^; vasodilators in^^ general coronary, 

' peripheral and ce^ nervous system stir^^^ cough' and cbld 'pre^ 

■ihcludii^^^^ e^^diol and other 'sterbidk, "'m^^ 

20 cohicosteroids; I hypnotics; i'l^ mttsfcle; relaxants; '^araSymj^^ 

psychostirnuiWs; seda^^^^ and' W^quiHze^^^^ naturally 'derived"^ or genetically 
erigirieereia proteins, p^^^ 

. : n . , v .r : . i; ^,?^^!^^^^^^ material, ^at^^ca^^^ in the subject 

r\udJjny^^l^ .?5f?th tj^e, preseni^: invention, in^^^ acetaminophen, 

\ r: .^c^tphydoxamip^ ^^^h acetpphen^iie, acycloyb;,. • ^ j^^enocorticp , ^ ^lopurinol, 
.:.ri, . ' ;.,jflpp2C^lam,^^^iM^ ^ilpri^e, aminobenzoate 

I o ' , : > ^^f^*?! ^ ; aniphestsunipe, . ampicilli|]i, , gLi?di;oge:is, , anesthetics, 

nl'L'^K:' iWP^^ ^¥}^}^yf^^^ W^^^^l^^' aj^petite suppressants, 

I . ^f^PRl?);: ^^?P^^^! b^pampic^Uiny baclofe^^^^ belladonna, 

-29. ^^^^^f^^^^^^^^^^':t^^ Wi^^^^^^ b^n2th)a2dd5,,jben^ betha 

nechol,,bi^^^ bisacp^;^l, bromocriptine, bijoniodiphenhyctam 
f , . J?H^ji?iR9f bimieta^ide, busulfan, b.utabarbital, butaperazine, caffeine, calcium, carbonate, 
i ; :. i?^P^^PF^hj1t^^W^^}^^,K 9^^f''*^^jU"'.-!^^i?!^op?.# levodppa, carbipoxamine inhibitors, 
.. i-.n- jMif?lf6^"i?ji|^*y^^vI?^?<?P';o^^!^^ cascara, cefaclor, cefa^r9xil,..c,ephalexin, 

.ql}|or4i^pQ?cide, Qhlprpquiqe, cWorothiazdde, c^iloropianisen chlorpheniramine, <a> 6X 
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:j ^ / ch!orpromazine,:h chl0ipropamide,M^»<chlon>rothixene, xhlGrthalidone^ 'chlorzoxazone, 
j:-:- ; cholestyr^ihe/. ciirtetiditie;^ cinoxacin, clemastine,: clidinium, clindamycin, /clofibrate, 
clomiphere, clonidine, clorazepate, cloxacillin, colochicine, coloestipol,^ conjugated 
qstrogeg^ . copVrac?^^ co|tj§qfi<?, cromolyn, cy^cl^cillin^ , c^^ cyclizine, 

, / 5 . cycljobepzaprin^, cyqjpphosphajiii4p>.j9yclothia2ad cyprijnine, cyproheptadine, danazol, 
. ; y . , dantbjon, dantrole^,^dapsone, dextrq^phetamine, dexamethasone, dexchlorpheniramine, 
dextromethorphan, diazepan, dicloxacillin, dicyclomine, diethylstilbestrol, diflunisal, 
4^8^^^^^^? 1 dimenhydrinat^, ^imethindeine, diphenhydramine, diphenidol, 

. diphenoxylate & atrophive, diphenyjppyraline, dipyradamole, disopyramide, disulfiram, 
\0. divalporex, docusate calcium, docusate potassium, docusate sodium, doxyloamine, 
dronabinol ephec^^ epinephrine,^ er^oloidmesylates, ergonpyine, ergptamine, 
erythromycins, esterified estrogen.^, estradiol, estrogen, estrone, e^tropipute, etharynic 
acid, ethchlprvynpl,,etWnyl^ ethopropazine, ejfl^osaximide, et^iptoin, fenoprofen, 

ferrous fumarate, ferrous gluconate,^ ferrous sulfate, flavoxate, iflecainide, fluphenazine, 
15 fluprednisolpne, flurazepam, J^olic acid, . furosemide, gemfibrozil, glipizide, glyburide, 
. glycppyrrplal.e, gold con^ij^pimds^^, gri^epfuw^ ,guaifenesi^., guanab^nz, guanadrel, 
guanethidine,j, ;halazep£Uii, halpperi^ hetacillin, hexpbarbitalp ^ ^^hydralazine, 
hydrochWrothiazi^^ hydrpcprtispne (c^ hyd^pflunethiaride^ hyjdrox^ 

hydrpxyzirie, hyoscyamine, ijbuprofen, ind;apamide,. indpmethacin^^ insulin, ; ipfoquinol, 
. 20^^ ^iron7poly.s^^ isqelJiarine, ,^|so^^ isppjrop^ide ispproterenol, isotretinpin, 

J isoxsuprine, kaolin & pectin, ketoconazole^ lactuj^ 

liotrix, lithium, loperamide, Iprazepam, magnesium sulfate, 
magnesium trisilicate, maprotiline, meclizine, meclofenamate, medroxyproyesterone, 
meienamic acid, melphalan^' thephenytoin^ mephbbdrbijfal, ^meprob&ia^^ mercaptopurine, 
*^"'55 ^ ffifesoridazirie^r'riSetaproi^ metfeamphStaihifie^ methaqtiaioli^Vi^^^^ 

^ ihethenamihe, ' '~ iiiethicilliii^^ ' ' metlMocarbamol, rriethPtrexate, - riietfisuxirnide, 
' ihethyclPthihzide, 'ffifethylt^llu^ 

^ meth^ipreiiifs^^^ nfethysergid^^ riittblazdrtiej ' 

J (i a irietrbirtidazo^^ ihino^adil, "^^^ "mbnamine bxrdkse' iifltibitoi^*^ iiad6161, nafcillin, 

3C?* 'iiiidiiVc ac{d, na^plrdxen, tiartotic ^algefsics, il^cJiAycih, nicotine, 
riffedipine, !^ hitrofttt^Win,' ' iibta^^ Wordthitidrotife^ hor^thihrltorie acetate, 

' -ridr^feWel;"^^ nystatin^ bi^h^hadriiiej 'bis^acilliri, ^' 6:^^az&p^^ oxprenolol, 

' ' bxymeiazbl&i^; oxyphenbiitki^iie, partSreli^ase, psiii8thMc ' ^adid,^* i^apiiVerihe, para- 
* - ' amiribs^icylic acid, paramiethasone, 'paregoric, pemoline, pembiilathirie^^^ 
' ■ ^5'- *^ penicillin -v, pentobarbital, perphenazine;' phenacefih, phehaziPpyriiiirie^ piheniramine, 
' '-^^ pihenolphthalein, pheriprbcoumori; ^^ph^hsuximidev ' 

phenylephrine^ ph^ny Iproiiaiiblamihe," phenyl foloxaiiiihe^ ' phdriytbin, ' pilocarpine. 
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pindolol, piper acetazine, piroxicam, poloxamer, polycarbophil calcium, p>olythiazide, 
potassium supplements, pruzepam, prazosin, prednisolone, prednisone, primidone, 
probenecid, probucol, procainamide, procarbazine, prochlorperazine, procyclidine, 
promazine, promethazine,' propantheline, propranolol, pseudoephedrine, psoralens, 
5 psyllium, pyridostigmine, pyrodoxine, pyrilamine, pyrvinium, quinestrol, quinethazone, 
quinidine, quinine, ranitidine, rauwolfia alkaloids, riboflavin, rif^pin, ritodrine, 
salicylates, sco5K)|lamine, secobarbital, senna, sannpsides a & b, simethicone, sodium 
bicarbonate, sodium phosphate, sodium fluoride, spironolactone, sucrulfate, sulfacytine, 
sulfamethoxazole, sulfasalazine, sulfinpyrazone, sulfi^oxazol^, sulindac, talbutal, 

10 tamazepam, terbutaline, terfenadine, terphinhydrate, teracyclines, thiabendazole, thiamine, 
thioridazine, thiothixene, thjjroWobulin, th>Toid, tb^roxin§, ticarcillin, timolol, tocainide, 
tolazamide, tolbutamide, lolmetih trozodone, tretinoin, triamcinoione, trianterene^ 
triazolam, trichlormethjazide, tricycljc /aptidepregsapts, ,^tridh|exe^hyl, trifluoperazine, 
triflupromazine, trihexyphenidyl, trimeprazine, trimethobenzamine, trimethoprim, 

15 tripclennarhihe, triprolidine, valproic ^k^Cid^ Vefa^^ vitainih A, vitamin B-12^ vitamin C, 
' S/itaminD, vitamiii Ev vit^^ - - ' • 



Brief Description of the Drawings , 

: Figure 1 shows iithe differential scanning calorimetcy data for ' a polymer the 
20, invention^ ^ no " on, . f^\r^\:\o J . 'r^^^-'n 

Figure 2 shows a toxicity '^i^sdy ' plo^^ cell growth' (%) versus 

d . . conQentfation in a tissuercultureiwell (nig/ml) forrfour separate polymer' samples — DTTH, 
C \ -it P(PTa>I.EQP), Ltlactide;andipoIy(L.lactide). -:J r i b,.. 



25 Detailed Description of the Invention 

r 1- Overview , . 

: ^ /(oorciJcrf rniWeshavejdiscdvered a- new class of synthetic crosslinked p6lymCTi<i materials and 
blends Aereof that may be used to produce surgical devices such as^molded devices,;drue 
^^elixe.D'. matrices, coati^^^ lubricants and the, like. ^Tbe invention also contemplates a 

30 process for producing t^^ pojy^^^ md blends, and.meAods fqr.utilia^ the 

subject compositions in the phannaceutical and/or cosemetic treatment of animals. 

■ : s t d i ' ! » ru?p7^P^?Vu^^**?^ present myention relates^to.^ pplymerip com 
forjnula(I): , 
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bo : ' independently for each occurence, represents ah ary! moiety; 
^ " X, for eacSi occurence, represents O or S (preferably O); 

5^ ^ Y represents £i*pK6sphate, or derivative thereof; 



' ' represents H, an alkyl, an alkenyl, an alkyriyl, an aryl or a heterobycle, preferably 
a branched or sti^iight chain aliphatic group having from 1-20 carbon atoms; 

• ^ n and hi, iriaepeA(iently, are 0, 1, 2 or 3 (preferably 1 or 2). 

10 In the above formula, and othei;§ used her^9m, repre^^ents another monpmeric unit of ;the 
polymer, which can be the same or <^i^^r<pn| J^pm ^1, or a chain tenninatipg group, e.g., a 
hydrogen or hydroxy 1-protecting group, as appropriate. 

To further illustrate, Y can be a phosphonamidite, a phosphoramidite, a 
phosphorodiamidate, a phosphomonoester, " a phosphodiestef, phosphotriester, a 
;i 3$>jK)sphonate,fc a phosphonate tester, ; a phosphorothiofaie, ' a thiophosphate ester, 
phosphinate, or a phosphite. A criteria for the selection of Y, as described oelow, is the 
desired rate of hydrolysis of the. ^ , _ . 3 : 

; ; ; The aiyl groups, Ar^i cambe momx:yclie or polycyclic groups; which-gfoUp may be 

further substituted beyond the backbone* of the poly naer chain. ' Fir iiistincev the aryl 
20 groups can be such groups benzene, pyrrole, fiiran, thiophene, imidazole, oxazole, 
thiazole, triazole, pyrazole, pyridine, pyrazine, pyridazine and pyrimidine, and the like. 

The group R can essentially be any aliphatic moiety, substituted or unsubstituted, 
so long as it does not interfere undesirably with the polynieri2^ti"on or biodegradation 
. ; , rreaction? pf :the pplyrtier. In preferred embodiments; R is a lower alkyl 6r an heterocycle. 

: * 25 ^ ^ ^ ' ' 'in other 'eiftbcMihidits;' R knd/dr til can ^)e selected to permit ad^^^^^^^^ ihter-chain 
, c^^ (including hyiirogeh-biiidiiig or the f^^ of 

' ' "^It'ftidgesjlr^^^^^ the use 6f a sidechain appropriately' substitu^^ 

In certain embodiments, it will be desirable for at least 25 percent of the polymer to 
"'^'^■^-^^^^b^ monoiribric e:lemehts sliown in FormiUa l, £uid even more desirable for at 

- 30' r. -least 5^, 77; 85, 90, 95 of eVeh 100 percent of the pblynier to be composed of repetitive 
elements shown in Formula I. The inclusion of other monomeric eleniehts in the polymer. 
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along.with the.9hoice of phosphate group.etc., inFpiroulaX'can.he useditp control the rate 
of biodegradation- of the matrix... , , i. .... [,. ;„ i. 

■■ ' In preferred embodimehtsj the polymeric chains of the stibjebt compositions, e.g., 
which include repetitive' dements shown frif Formula 1, have'rholecular weigtos-of at least 
l O.dOO 'daltdrisV more preferably^at least 100,000 daltons, and feven more pt^efcrably at least 
250,(000 'daltons, •5'00,000 daltbns or even at least 1 ,000,000 daltons. ■ -^i' 

in preferred embodiments, the polymeric compositions of the present 'invention 
include polymeric chains represe'fited in the general formiHa (la) "'-''^ -'^ ■ 




; la 

10 wherein Ar,^ 'R.l, X, X. jn and m are as defme,d:above, and p i:epjesents an integer greater 
: than- 100, more prf^fe^ably greater tjian./,! 000,. even jmore preferably greater than 

. i. i v In certain exatmples of the present iiiveiitidii, the ptilyrfier^ arid'^lends can be used 
• 'ias a phannabeutical feaarie^ li^^^^^ delivery' ■■matrix. To fofm 'this matolx the! polymers 
15 and blends would be Mxed vhth a therapeutic -^'^ • ' 

, ihe polymers and. blends of the present mventiori, upon contact with body fluids 

/v f .l'^^lMSPS degradation (mainly 

through hydrolysis) with, if so formulated, concomitant release of the dispersed drug for a 
sustained; qr, extended .penod(ap compared ^p, the release from ^ isotonic saline solution). 

20 This can result in prolonged delivery (over, say 1 to 2,000 hours, preferably 2 to 800 
hours) of effectivef^'ambuiits'(say, 0;000r iffg/k^^^ drug. This 

dosage form can be administered as is neiessaiy depending on' tlie' subjec^^^ treated, 

c -iif ;the^,s?ye^ty oftjie, affliction,. the judgment of thepr^cribingphy^cian, Mid the like. 

25 2. Definitions 

: r , > jr. r m"" ^"y??"''^^ ™P'°X^^ jiS.^i^e specfication, examples, and appended 
claiims aire collected here. ^ . 

ci..;- i[.vqc X. A.So¥sed, herein,. Ae tenn;;A:jdipl!^^ a ;linear, brahched^ -cyclic alkane, 

. . alkene, or alkyne. Preferred- aliphatic grpups in the poly(phosphoesterrco-amideXpolyiher 
30 of the invention are linear or branched and have from 1 : to 20 carbon atoms. 
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. ; -T q-lie tenti'^alWyl^ the *a:dicar of saturated ''a^^ 

straight-chain alkyl groups, branched-chain alkyl ^Voups^ cyclbalkyl (alicyclic)' groups, 

alkyl substitute4:cyc;k)alkyl groups, mid, cycloalkyl^^^^^^ In preferred 

, . vembodin^ent^,. a straight chain or b^andiqd.c^a^^^ atoms in its 

" 5 . backbone (e.g., C1-C30 /for, straight chajn, : ^^3-^30 brapche^ chain), .apd more 

preferably 20 9r fewer. Likewise, preferred cycloalkyls haye;;irom 3-1 0 carbon atoms in 
their ring structure, and more preferably have 5, 6 or 7 carbons in the ring structure. 

Oil.'.-'- . ; . .* . ■ ■ 

Moreover, the term "alkyl" (or "lower alkyl") as used throughout th.e specification, 
exariples, and claims is intended to include both "unsubstituted alkyls" and "substituted 

10 alkyls", the laUer of which refers to alkyl moieties having substituents replacing a 
hydrogen on one or more carbons of the hydrocarbon backbone. Such substituents can 
include, for example, a halogen, ayhydroxyl, a carbonyl (such as a carboxyl, an 
alkoxycarbonyl, a formyl, or acyl), a thiocarbonyl (such as a thioester, a thioacetate, or 
a thioformate), an alkoxyl, a phosphoryl, a phosphonate, a phosphinate, an amino, an 

15 amido, an anHdifi^, an imin'e,''a^e5^an6/ a niiro, an azido, a sulfhydryl, an alkylthio, a 
sulfate, a sulfonatfe, a sulfamoyl, a sulfohaniido* a sulfohyff^a heterocyciyl^ an^aialkyl, or 
an aromatic or heteroaromatic moiety. It will be understood by those skilled in the art that 
the mpiel^es substituted on the: .hydrocarbon cham can themselves be substituted, if 
, ,,,),^^pproi^&te.^ For, instance, the ^substituents qf a sub^iti^ted alkyltmay include substituted 

20 and unsubstituted forn^s of, a^in^^^ azido, in\\nOy sgiiido • ^phosphoryl • Xi^^^ 

phosphonate and phosphinate), sulfonyl (including plfate, sulfonamido, sulfamoyl and 

■ ■ ^ suifonate), and silyl groups, as welV as alkylthio^^^^^ 

^dehydesi carboxylaWs^%n<i estef s^^ -CF3 ) -CN and liker'fexenipla^ sul5stifuted alkyls 

'^e described below/ "(^lydoalkyls can be further substituted wffi alkyls, alkenyls, alkoxys, 
' 25^- alkylthios^ aminoaJSS^is; carbbiiH-^iifiStluited alJ^^ -(^, £md the'like: '7 

, Jhft terrrr "aralkyl", as -used herein, refers to. an alkyl grcmp substituted with an aryl 
group (e.g.:, an aromaticpr heteroajomslic group) ... , > ^ > ^ ^ i z^^. ;■ 

; ^ iThe teiins:"alkeriyi"-ahd "alky^^ Vefei'tb ;insaturat<^d' aliphatie" groups^^ 
in length and possible substitution to the alkyls described above, but that contain at least 
30 one double or triple bond respectively. . _ . ^ 

Unless the number of carbons is otherwise specified, "lower alkyl" as used herein 
mdans an alkyl group, as defined above, but having froni one to ten carbpns, more 
preferably from one to six carbon atoms in its backbone structure. Likewise, "lower 
: ; is alkeuyl" and "lower aJkyiiyl" have similar chain ieng^ application, 
: ;35 r ".prefeired alkyl groups are loiwer alkyis. In Ipfeferred embodiments, ^ 

designated herein as alkyl is alower alkyl. : : ^ v\r 
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>: * - • The term "heterootom" as used. herein means mi tatomiof^a^ than 

carbon or hydrogen. Preferred heteroatoms are b6rdn| nitrbgenicfixygehV^phbsphorus, 
sulfur and seleniimi, and more preferably oxygen, nitroeen,or sulfur. 

i \d ' ;As used herein, the term; "aryl" refers to: an unsaturated cyclic carbon compound 
. 5 with 4n+2 '71 electrons, apd incjudes, e..g.,[!5r,c6- and 7rmembered single-ring^ aromatic 
groups that may include from zero to four heteroatoms, for example, [benzene, pyrrole, 
fiiran, : thiophene, imidazole, oxazole, thiazolevi.triazole, pyraztole, v pyridine, pyrazine, 
pyridazine and pyrirtiidine, andrthe like.* j Those aryJ.groups having heteroatoms in the ring 
structure, as :>for .example^- nitrogen^iroxy gen, or sulftir, jhay also be referred! to as "aryl 

10 heteroQyclesViT.on "heteroaromatics." The term varyl"» refers to ^both; • substituted : iand 
unsubstitited aromatic rings. The aromatic ring can be substituted at one'dr more ring 
positions wa A such substituents above, for example, halogen, azide, alkyl, 

aralkyl, alkenyl, alkynyl, cycloalkyl, hydroxy!, alkoxyi, aminp,^ nitro,^suIfhydryl, imino, 
amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether, alkylthio, sulfonyl, 

15 sulforiamido, ketone, aldeHyde, ester, heterocyclyl, aromatic or heteroaromatic moieties, 
' -CF3, -CN, or the lik^. The term "aryl" also includes poiyfeyclic 'ring systems having two 

or more cyclic rings in which two or more carbons are common to tw'o adjoining rings (the 
: r irings are "fusedvrings") wherein at least one of the rings is-aromatic, e.gV, the other cyclic 
■J- rings, can be cycloalkyls^ cyclpalkenyls, cycloalkynyls, aryls and/of heterocyclyls: 

20 The terms orthoi nieia and para, ^pply to 1,2-, 1,3- and 1,4-disubstituted benzenes, 

respectively. For example,: the names l,2^imethylbenzene and or//io-dimethylbenzene 
are synonymous. ^; . 

.-r :i t. .i :::!-The teps .-"^let^yclyl'Viqf^i^^CTq^yglgn . reikj: to 47>tp lO-membereduring 
- ■■k; :i ^ Structures, more. preferably ^a-. to , 7-membei^^^^ stnicijires include one to 

1 ?.? . -"7 ^ include, for 

T i v- / . ,chr9mene,. , xanthene, 

. ; ; u /^Rl^^Qo^^a^wj?? :Py!!TPlev , imidq^^ole,^ pyrazQl%, isp^iazqie.j ispxazc^e, ^pyridiMy^^. p 

■ V ;t /: .Py^^W^^if^e* rpyrida2ine,p ipdoli23np,,,;isoin^^ rindole,- indazple, rPlirine, . quinol^zine, 

o ; .r/!ispqjJinol^e,.,quii?o^^ naphthyridine^ quinoxalines^ quinazplijiej. cinnoline, 

■ ^9< -;iPt??i4w^e, ?carbazple, jcarbplm^^ pyriniidine, phenanthroline, 

luf. J. ij.^tew^cB!!. Pfe^"?*^ RyiTolidmp,^ o'*®^^®' 

thiolane, oxazole, piperidine, piperazin^,>j moipholine, ^1^^^ as 

azetidinones and pyrrolidinones, sultams, sultones, and the like. The heterocyclic ring can 

be sub'stittited at one or more positions 1^ 

sulfhydryl, imino, amido, phosphonate, phosphinate, carbonyl, carboxyl, silyl, ether. 
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^ ^ 'alkylthio^>sudfojayl^k€ton^^^ an aromatic or heteroaromatic 

The terns "ixilycyclyl" or^^^ **poIycyciic group" re^^ more rings (e.g., 

uc a Qcycloaikyls, cycloalkenyls, cycloalkynyls/ aryls arfd/or hetero'tyclyls) in which two or 
^ 5 > more darbanfe are common to twor adjoining iings,te.gii; the rings are"^*fused rings". Rings 
.vx/o nv^ that are joined through non^^^djacent atoms are termed "bridged" rings. Each of the rings 
aa:::i-rv qof:the can be substituted with sueh substituents as described above, as for 

' on) example, hal^ alkenyl, aHcynyl^ cycloalkyl, hydroxyll amino, nitro, 

tvnr: ic^ stjlfhydryl, amino, ^ido, ^hosphonate, phosphinate^ 'Carbonyl, carboxyl, silyl, ether, 
i :!:)10. n alkylthio, sulf^^ ketone, aldehyde, ester, a heterocyclyl, an aromaitic or heteroaroihatic 
..^.^ ..moiety, -CF3x-C5^5-^o^ -jr - ax- vm:- -j ; j:;- -/- ■ 

* The term "carbocycle", as used nerein, refers fo an aromatic or non-aromatic ring in 
which e^lch atohr of the ring is carbon. ' * ' 

As used herein, the term "nitfo" means -NOo;. the term "halogen" designates -F, - 

15 CI, -Br or the^ft^i^n ./fsulfhy^ryl" means -SH; the term "^lydro^cyl" means -OH; and the 
term "sulfonyl" means -SO?-. 

■ ; V The terms "amine" and "amino'* are art-recognized and refer to both imsubstituted 
arid substituted amines, e.g.i a, moiety that can be represented by the general formula: 

V or I -^"^ 

Kg 

20 ^ Avherein R9, Rf5 R'lO each iridependeiltly represeiit a hydrogen, aii 'alkyl, an alkenyl, 
- -^ ' ^-(CH2)m^R8a/^or^ with the N Stom to which they s^re attached 

complete a^ heterbcyb^^^ having fri^m 4 tb 8' atoms in tbe ring sfmc&re; RlSO represents an 
aryl, a cycliSalkyi,' a cyblbaikenyl, a hetero^^ of 'a pblycycle; arid ni is zero of integer 
V : in ihe rarigC'^bf 1 to S. In preferred eriibodirhfents/ only -one of-Rcjibr Rjq <^ari be a -carbonyl, 
25 ^^e'g., R9, Rjo arid the mtirogeri together do hot fdmi' an inSde.^ In even iriorelpreferred 
'^nibbdimerits, Rg^'ahd RJ^Xand ^ptibnally R'|o) each independently r^^ 
* ^ari' aikyl, an alkenyl, or -(GH2)iti-R80. THus/^the t'enri ''aJkylamirie" as used -hiefein means 

aii aniifl6 group, as defined 'kbovfe, h^vittg W s^^^^ attached 
■ thereto/i.e.i at leas^t one o^r!$ arid Rj(jis ^al^ .^zfi^'M.'' 

slC) ^ liie Jcrm "acylamino" is art-recog^^ refers to a moietty^ Jhat can be 

representee^ by the genera^^^^ = . . . , ^ ...^ 
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wherein R^ . is as 'defined above, and R*] 1 represents a hydrogen, an alkyl, an alkenyl or 
-(CH2)m-R80, whererm and R80 are as defined above;/ jd : :; . : ii-rr 

The term "arfii'do" is art recognized as an amino-substituted carbonyl and includes 
a moiety that can be represented by the general formula: 



wherein R9, Rjq are as definie'd above. Preferred embodiments of the amide will not 
include imides which may be unstable. , 

T*^^ ' *° ^ ^^y* group, as defined^ aboye^ having a sulfur 

10 radical attached thereto. In preferred embodiments, the "alkylthior. moiety is represented 
by one of -S-alkyl, -S-alkenyl, -S-alkynyl, and -S-(CH2)m-R80, wHoreinln and R80 are 

defined above. Representative alkylthio groups include methylthio, ethyl thio, and the 
like. : " ■ ? " 

o 

The term "carbonyl" is art recognized and includes such moieties as caiii be 
1 5 represented by the general formula: 



wherein X is a bond or represents an pxygen or a sulfur, and R] i represents a hydrogen, 
an alkyl, an alkenyl, -(CH2)nirP0 ora pharmaceutically acceptable salt, R'l 1 represents a 
hydrogen, an alkyl, an alkenyl or -(CJl2)in-R80, where m and R80 are as defined above. 
Where X is an pxygeri arid Rj 1 or R'j 1 is not hydrogen, ^e formula represents an "ester". 
Where X is an oxygen, and Ri j is as defined above, the moiety is referred to herein as a 
carboxy4 grbQp^i aiid^^ the' formula represents a 

"carboxylic acid". Where X is an oxygen, and R'l j is hydrogen, tHe fbrmula represents a 

"formate". In general, where the okygen atom of the above formula is replaced by sulfur, 
25 the formula represents a "thiolcarbonyl" group. Where X is a sulfur and Ri 1 or R* 1 1 is not 
hydrogen, the formula represents a.^'thiolester." Where X is a sulfur and R] 1 is hydrogen, 
the formula represents a "thiolcarboxylic acid." Where ,X is a sulfur and Rj j ' is hydrogen, 
the formula represents a "thiolformate." On the other hand, where X Is a bond, and Rj j is 
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not hydrogen, the above formula represents a "ketone" group. Where X is a bond, and 
Rj 1 is hydrogen, the above foniinla represents an "aldehyde" group. 

The terms "alkoxyl" or "alkoxy" ks used herein refers to an alkyl group, as defined 
V above, having an oxygen radical attached^rtHereto. Representative alkoxyl groups include 
5 methoxy, ethoxy, propyloxyv tert-butoxy and the like: -An^sVether" is t\yo hydrocarbons 
covalently linked by an oxygen. Accordingly, the substituent of an alkyl that renders that 
alkyl an ether is or resembles an alkoxyl, such as can be represented by one of -O-alkyl, - 
O-alkenyl, -O-alkynyl, -O-(CH2)m-R80, where m and R80 are^escrifced above! 

The terms "sulfoxido", as used herein, refers to a moiety that can be represented by 

10 the general formula: " /r' 

• \ 

^ O 
' ' ll_ 

in which R' I J is as defined above. " ' 

' A *Sulfohe'V as used herein, refers to a moiety that can be represented by the 

general formyla: , , v 

O 

II 

O 

in which R' ij is as defined above. , ;^^^';">i> 3 v : ^ 

The term "sulfonate" is art recognized and includes a moiety that can be 
represented by the genera fomiiila: : 

' II 

20 ' % Which Rd 1 is ^"el^iiirc^pEfirJ hyix^enj klky 1 J byclbaiicyi^ or ary i : ' 

. , r , - v . r ! The term "sulfate-V. is art^recpgnized and incjudes^a moiety/Jiat^can^be repres 
- ^rr^-^v .;by^the general'fbrmula: ^ -t^'- ?j;:k /. • .woe r.^"^'''-^-'^ 
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The term "sulfonamido" is art recognized and includes a moiety that can be 
represented by the^^eneral forrnula: 



N — S-R' 

O 



;j i r- 1. in.>^hich., and R,'|]: are as defined at>pve,'.^. 



5 ^ The term "sulfarrioyi" is £ut-recognized and includes a MSiety 'th^i cart be 

represented by the geheral tonniiia: ' - . c . * 3- > 

S . . 

m which R9 and Rjo are as defined above. ' 
A "phQsphoQ^r can in general ][pe re^^^ 

II 

- whei^in (5i^ or-Q, and^F^g rq^n^seiits^hydrog^^ ioA^yr^ikyr ^'an aryl. 

When used io substiti^^^^^ e gt^ an aikyl, the phosphbryl group of the pho can be 

^ep^e^nfedbytK^^^^^^ o.n./ .i ..^D .d:f v 

15 wherein Qi represented S or O, and each R45 independently r^prgs&its hydrogen, a lower 
•; n ' .^'^ytet^:^H92.^^I!JHsen^^ iy^»^?»jQl moiety is a 

,/'phosRhprpthioat^^ vrjnv' ■>:■■ ck::--- i.,.Tj;q. h 

q-M. v ' ■ ''^'''' >A^'^'ph6isph^^ - T: :i'Xi! 

' o o 

N(R9)Rio N(R9)Rio 

.- ,20 _^ wherein and are as.definpd a]bove, a|i^ 92'rep,ip.sents O, S:or N,„ 

A "phosphonamidite" can be represented in the general formula: 
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— Q-P-O— ^ ^;^Q?-|^OR;e -''^ - 
N (R9)Rio N (R9)Rio 

wherein R9 and Rjq are as definedi above, Q2 represents O, S or N, and R4g represents a 
lower alkyl or an aryl, Q2 represents 0» S or N. 

A "selenoalkyl" refers to an alkyi group having a substituted seleno group attached 
. 5 thereto. E;^;?mplary "selenpethers" which may be substituted on the alkyl are selected from 
one of -Se-alkyl, -Se-alkenyl, -Se-alkynyl, and -Se-(CH2)in;R80, m and R80 being defined 

above. 

Analogous substitutions can be made to alkenyl and alkynyl groups to produce, for 
example, aminoalkenyls, aminoalkynyls, amidoalkenyls, amidoalkynyls, iminoalkenyls, 
10 iminoalkynyls, thioalkenyls, thioalkynyls, carbonyl-substituted alkenyls or,alkynyls. 

As used herein, the definition of each expression, e.g. alkyl, m, n, etc., when it 
occuis more tiian once in any structure, is intended to be independent of its definition 
elsewhere in the same structure. 

Certain monomeric subunits of the present invention may exist in particular 
15 geometric or stereoisomeric forms. The present invention contemplates all such 
. comippunds^ including pis- and trans-isomj^rs, i?- and 5-enantiomers, djastere^ (d)- 
isomers, (L)--isomers, the racemic mixtures thereof, and other rnixtures thereof, .as falling 
within the scope of the invention. Additional asymme;tric ca^^^ present in 

a substituent such as an alkyl group. All such isomers, as well as mixtures thereof, are 
20 intended to be included in this invention. 7 

For the purposes of titiis application, unieiSs expressly noted to the contrary, a 
named amino acid shali ^be construed to include both the D or L stereoisomers, preferably 
■ - the;L sterepisoma:.\ •i'fu-b'.r;-t^c-.c-a" i^-/..-' b>"-' .O : rr-i^ijj.^r-s:';:-'' r'.'^ ;:-^:>Vj i'f-f ■\' 

; ' If^ for^^ of a compoiinS of the prfesbht invention is 

25 desired, it may be prepared by asymmetric synthesis, or ty deriviation wilh a chiral 
auxiliary, where the; xesiiltini^ 4iastereqmen rriixture is g?parated ^md.the auxiliary group 
cleaved to provide the pure desired enantiomers. Alternatively, where the molecule 
contains a basic functional group, such as , amino,, or aji acidic fimctional group, such as 
carboxyl, diastereomeric salts are formed with an appropriate optically-active acid or base, 
30 followed by resolution of the diastereomers thus formed by fi*actional crystallization or 
chromatographic means well known' in the and" subsequent recovery the pure 
enantiomers: - , - zcil \ ..r -c " .- ^''h ■ A 
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It will be understood that "substitution" or "substituted with" includes the implicit 
proviso that such substitution is in accordance with permitted ^valence of the substituted 
atom and the substituent, and that thFlubstitution results in a stable compound, e.g., which 
does not^ spontaheously-undergo ' trMsforrh such as by rearrangement, cyclization, 
^elimination, ett^Jou -^.1 :u ^J:■'^n>■ nr hnr /n. - •- --u/v 

As used herein, the term "substituted" is also contemplated to include all 
permissible substituents of orgahib compoxmds. In a broad aspect, the permissible 
substituents include ^cyclic ^and cyclic, branched, and unbranched, carbocyclic and 
heterocyclic, aromatic and nonaromatic substituents of organic compounds. Illustrative 
substituents include, for exam^ple, those described herein above. The permissible 
substituents can be one or more and the same or different for appropriate organic 
compounds. For purposes of tiiis invention, the heteroatoms such as nitrogen may have 
hydrogen substituents and/or any permissible substituents of organic compounds described 
herein which satisfy , the valences of the heteroafoms. This invention is not intended to be 
limited in any manner by, the^permi;ssible substituents of organicj^compounds. 

For purposes of this invention, the chemical elements ^are ideiitified in accordance 
with the Periodic Table of the Elements, CAS version, Handl>bl>k of Chemistry and 
Physics, 67th Ed., 1986-87, inside cover. Also for purposes of this invention, the term 
"hydrocarbon'! isxdntemplated to inGlide all permissible ccrapourids hailing at least one 
hydrogen and one carbon atoitii In >ar broad a^ect,^^he 'penA hydrticiarbons include 

-acyclic and cycliciibranched and unbranfched^ c^bbcyclid and heferocyclic, aromatic and 
nonaromatic organic compounds which can be substituted or unsubstituted.^ 

The phrase "protecting^ group" as used herein means temporary substituents which 

3"t- V ,.'1 r-^fiv n; aiOi'^ V:.. 'i >rLr^^'>'>5 t bxf^ ,w.W Dan . T 'i:: .y.x • - 

protect a potentially reactive functional jgroup from undesired chemical transformations. 

bxamples of such protecting groups mclude esters of carboxylic acids, silyl ethers of 

alcohols, and acetals and ketals of aldehydes and ketones, respectively. The field of 

protecting group chemistry has been reviewed (dree^^^ f /wirWiits, R GM Protective 

"G'touPi^'i^^ New tOTk^1^9^^ ' 

The phrase "hydroxyl-protecting group" as used herein refers to those groups 
intended* to protect a hydrozyl group against undesirable reactions during synthetic 
procedures and includesV m/e> alia, benzyl or other suitable esters or ethers groups known 
in the art. r o 

As i^ed herein, the definition of bach expression, kg^ lower alkyl, m, n, p, etc., 
when it occurs more than once in any structure, is intended to be independent of its 
definitioi^ .elsewhere in the same stifiicture. 
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3. Exemplary Compositions and Methods , . , 

V In ^^pref€;rred embodiments, -jt^ polyiiiieric composition^jof the: present ; invention 
include one or more recurring monomeric elements in the polymer represented in the 
5 general formula (II): 



.M... * — Ar— Q— p— * 

" " ' , OR 

Wrein, " • - - -''^ ■ ■ ^^'"'^ "''^ " 

Ar, ind^peridently for eacK 6fccuirfentW, refpresbnts aif 'aryl moi^iy; 
10 X, for each bccurence, represent^ O 6r S (J^referabiy 0)\ 

^ Y reipresent;? aphosphateji Or.derivative thereof;c*i 0 ci; 

Ql repi^sents O or S; ^u r^- ^dj • -^d:. -i^u ^i^y^ 

^ 1; ;;; 4 R reprei5entSrH> an alkyl,^ or^a heterocycle,: preferably 

l^cii s: ^ a branched or straight c^aiji aliphatic igrouip having ifrohi 1-20 carbon atonis; 

J R' represents ^bydrog^p^ :aIkyii:;-D-aIfcyl, aryl, feO-aryh heterocycle^ -O-heterocycle, 

or-N(Rp)R|Q; ..^ ^ .... ly^.^^^^tpn,^ ■ ■y\ . r;.,.^ ?br--«^a.nx) ^.^w-;^^ - -y'zu' rfo.: 

Ro and Ria, each independently, represent a hydrogen, an alkyl, an alkenyl, 

-(CH2)i-R8o, or R9 and Rjq taken together with the N atom to which they are attached 

20 complete a heterocycle haying^ from 4 to , , - . : ; 

RgO represents an aiy 1, a cycloalkyi, a cycl6alkeny 1, a Heterocycle or a polycycle; 

Rl represents H or a lower alkyl; and 1 . 

i, n and m, independently fpr each qccot^ au-e 0^ 1, 2 or 3 (preferably 1 or 2). 

25 Thus, in certain preferred embodiments, the comj^ositipns of th^^ present .invention 

intlude polymeric chains represented in the general formula (Ila) 

..-V,,; .-...r^ : . .r.r.- ^ ..... ... 

I 



-O Ar 

" ' '■ U 

y 




. ai n — P— 



;..Ar.— Qj-.P- 
:X~'. /.E'-'P,, J, ,,,, 
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, wherein p is iji the .range, of 100-10,000, though it; may .be, greaiter than.10,000. . \ J 

= ■ In even more preferred embbdiniehts, the biodegradable Ipo'lyhi^r of the invention 
comprises the recurring mbndmeiic'units showri in formula III: ' ' -xioi j 

R * 

L \ — / N \\ /> — 0— P 

^ R • 

wherein R is selected from the;- gtoup cconsisting^ df^ H Myl of>>lieterocyblic, 

preferably a branched or straight chain aliphatic group haviffg from 1-20 carbon atoms. R 
can be any ralipSatic moiety sov long ' as Jt does not ^ interfere TrndS^ir^^ ^with the 
polymerization or biodegradation reactions of the polymer. Specifically, R can be an alkyl 
group, such as methyl^^ithyl, .l,2^dime%letKyl, n-propyl, isopiropyl, 2,2-aimethylpropyl 
or tert-butyl, n-pentyl, tert-pentyl, n-hexyl, n-heptyl- ^nd the -like- an alkyl group 
substitueiit, for example, halogen-sybstitutjecj alkyl; .or a .cycl^aliphatic group such as 
pyclQpem^ and tb9^ like.; Preferably, 

howeyei;, R is a brp-phpd Of ^stt;^ chain alkyl group apd, even ^nore preferably, an alkyl 
group having from 2 to 1 8 carbon atoms. Most preferably, R is an n-hexyl group. 

■ i -r 1*^^ 9^.^^ J^^^^t^^P "^^^/^y^' ^^PP^Vy ^^h ^!<^^y» ^?tp^9cyclic or 

hpter(^cycl-lo^y l^psj^^^^ :R;. groups include nie%l, :ethyl, n- 

propyl, i-propyl, n-butyl, tert-butyl, -C^U^j, and the like groups; alkyl substituted with a 
' nbh-iriterfenng as a iialogen group; cprresponding alkoxy groups, and 

^alkyl tha^t is conjugated with a biblogically ' active substance to form a pendant drug 
delivery system. 

i-.'d.") n. :. ".o- L'. ;:;v.': i,; ji:"'!3Vfv,' .;.U io "laT-'/'o:. t ')■:? ' .; c. 

ir/jr.?^?R, ^Of?^?spPP^i°g'.^J9?yi e[9>»P. it. typically^ contains from 

atout 5 to aljput 14 ca^ about 5 to 12.CM-bpn atprns and; optionally, 

9^ mpre.nngs that^ji^ fuse4;.,ta each-o^^ 
.^Wj^MS-^^P?^?'^ 8ro«I»;^,nclude, phenyl, phenoxy, naphthyl.,-anthracenyl^,phe9anthrenyl 

. i; rAVhen R''isihetefbbyelic or heterocycloxy,' if typically contains from about 5 to 14 
ring atoms, preferably from about 5 to 12 ring atoms, and one or m^re hfetei-oatoms. 

r^^^.J?!?5,P,f suitable heterocyclic; gi^ tiiipphene, pyrrole, isopyrrble, 3- 

isopyrrole, pyrazole, 2-isoimidazple;,, l,2,3,triajMle,,.:,l,2,4-^ria^^ oxazpK;;,thiazole, 

js©thiazolef»awl(52^soxadiazpTei^^ 

1,2,3,4-oxatriazole, 1,2,3,5-oxatriazole, 1,2,3-dioxazole, 1 ,2,4-dioxazole, 1 ,3,2-dioxazole. 
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i,3,4-dioxa2olefv U2,:5^^xatn§izbler' Iv^^ 1,4-pyran;* l;2^pyrone, 1,4- 

. pyrone, 1 ,2-jdiQxy3, ,.1,,3^ gyridjla^^- N,-alkyl pi^ndiniuriTi, , pyridazine, pyrimidine, 

pyrazine, 1,3,5-tria^^j^e, 1,2,4-triazine,; J,2,3-^t^^ l,3,2-o?;a2ine, 1,3,5- 

oxazine, 1,4-oxazine, o-isoxazine, p-isoxazine, 1,2,5-oxathiazine, 1 ,2,6-oxathiazine, 1,4,2- 
5 oxadiazine, 1,3,5,2-oxadiazihe, azepine, oxepin, thiepin, 1,2,4-diazepine, indene, 
isoindene, benzofuran, isobenzofuf an, thionaphthene, isothionaphthene, indole, indolenine, 
2-isoHenzazole, 1 ^4 pyrindine, pyrando[3,,4-b]-pyrroIe, isoindazole, indoxazine, 
benzoxazole, anthranil, 1,2- benzopyran, 1 ,2-benzopyrone, 1 ,4-benzopyrone, 2,1- 
benzopyrone, 2,3-benzopyrone, quinoline, isoquinoline, 12,-ben2X)diazine, 1,3— 
-ICj benzodiazine naphthpyridine, pyrido[3,4-b]^pyridine, pyrido[3,2-b]-pyridine, 'pyrido[4,3- 
>i , f : ibl-pyridjne,- 1 ,3,2-benzoxazine,i^l ,4,2-benzoxa2inee,,;2,3,l ^benzoxazine, SJl^^-benzoxazine, 
* l,2-b§rmso>^a24ne^,;l,4-beiizisQxazine, carbazole^ ^xanthrene, acridine, purine, and the like. 
Preferably, when - RJ is heterocyclic or -hetaj^ocycloxy, it is selected from the group 
consisting of fiiran, pyridine, .jHrJ^lkylpytidine, J 1 ,2;^^ andi 1 ,2,4rtriazoles, indene, 
15 anthracene and jHirine ringSv; , [v - i- ^ ? . n 'v k; : 

' ' ^ In a particularly prefeiTed eiiibodirnent, R* i§ art^lalkyl group, aii alkbxy group, a 

' ' ^phenyl group, ai pheiioxy giroiip, or af heterodycloxy group and, even iiiore preferably, an 
• alkoxy group' having from 1 to 7 ckrbbn atoms. Most i)refer:abiy. Ft is ah ethoxy group. 

The number n can vary greatly depending on the biodegradability and the release 

^^'20^ i^8hjar^^ typicaS^' vffiiiS^- b^S\<reen about 2 and 500. 

- Pmferably^^ii'is froritf about'5 t6^aboUt^306 efidi ihbsf pi^ferabf^ aboiit^ tii) about 200. 

Biodegradable polymers differ :^op non-|5iodegradable pol^^^ i|i that they can 
be degraded during in vivo ther^ dowi^ the, polymer 

into its monomeric subunits. In certain embodiments, the ultimate hydrolytic. ,b^ 
25 products of a polymer of the invention are desaminotyrosyl tyrosine (which is derived 

from th^ nSufeily oCcSirring^ amihcJ^M^^ 
k -'^ v(4iieH 'occiif^ *nM in pl^^is); '^fi^^ipRitic aiSdo ' Xil'^of these 

. ' - degiiadalion'' products'^ "^Howei^T, the intei9A'6iirate* bligomeric 

■ ^ plodiicts ' of ' t^^ hydrolysis may have different pfbjiertiesH ^ Thuis, tbxicofogy of a 
30 biodegradable polymer intended for implantation or injection, even oilie syiithesized from 
apparently innocuous monomeric structiwes,,! is typically det«Tnihed;«rSfter one or more 
. 1^-^ ..toxicity .analyses. f-f; ^ i. ^. /;:n.;n>7':^v:; ,z\sio}^ ;:"r' 

K :7^ r A typical in ^ vitro toxicity as^ay woiild be -p^ with K'^^e^^aGrdhoma cells, 

j!o :siriTsxieh as GT3TiCB t^ : ^ 



BNSDOCID: <WO 984e286A1_l_> 



10 



-22- 

~ . 200 nL of varipus;ConcentrationS;Of suspensions .of .te§t monomer or polymers 
;i,rare placed in 9^well, tissue culture plates seeded with; human, gastric carcinoma cells 
(GT3TKB) at lO'* /well density. The degraded polymer products are injcubated, with the 
GT3TKB cells for 48 hours. The results of the assay can be plotted as % relative growth 
vs. c9ncentration of degraded polymer in the tissue-culture well. ^ i 

^ Polymers for use in medical applications such as implants and. prostheses can also 
be evaluated by well-knovra in vivo tests, such as subcutaneous implantations in rats to 
confirm that they hydrolyze v^thout significant levels of irritation or inflammation at the 
subcutaneous implantation sites. ' " v. 

The biodegradable polymer cf the invention is preferably sufficiently pure to be 
biocompatible itself and remains biocompafible upon biodegradiation. By "biocompatible" 
is meant that the bibdegradation products or the polymer itself are nontoxic and result in 
only mihirhar tissue irritation when implanted or injected into vasculateH tissue. 

ihe in vitro cytotoxicity profile for desaminotyrbsyl L-tyrosine hexyl ester 
15 ("DTTH"), a monomer used to imake a particuTafiy preferred polymer of tfie invention, and 
the correspoiiding polymer PClilTH-EOP)^ in microsphere formi as compafed with those 
ot a companson monomer commonly used in biodegradable materials, L-lactide and 
poly(L-laclide), also in solid'ahcl microsphere Ibrm, is shown in Figiu-e 2. ^ 

The polymer of the iiTiyeption is preferably , spl^ in^one^or more common organic 
r sp^^^^^ of fabrication and processing. Common organic solvents include such 

solvents as etHanol cKlo^^^ acetate, DMAC, N- 

metiiyl pyrrolidone, dimethylformamide, and dimethylsulfoxide. The polymer is 
"preferably soluble in at lekst ohb of the above solvents."^ ' ' . ^ i * 

J ; ; \' j-r. c ; : P^9. PPJy^H!'^ ftt./*'^ .f^y^^tj^^^ .comprise , add^^ biocompatible 

j?^ nymppPjp^Jric.^^^ long as , they dp not jntjerfere with biodegradable characteristics 
1= v-i:; i^?^^^^^- ;SV#;i^^f*J^*PP2i! ^ft^^^pric ma>c.^offer eyen gresrte; jl^bi designing 
ry ; : P^^^^?.^.G?^te^^:)fP^o^^^ fp^ t?^?^^*^ 4^8 - delivery jX)r : the ; precise rate: of 

h „ > !^^P4.^???^^?^^ii.^^^ % -Structural impl^ts 5uch as^ J^pr. orthopedic applications. 

Examples o|,such add^ti^ria^^^ biocompatible lao^jomers .include the recuryipg ;units found in 
;,:3Q. PolycarJ^onateg;^ and 
polyanhydrides. 



-^^^ ' SvntheSis^6f Polv(phosphoester-c6-aniiaeVPol vmers 
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:::rr :J : y reiaction in prepariinig poly-(phosphates) is a 

^>fridehyafo6hl6rihatidW!bk^eeh k^^hosphddiChloridate and a dibl- according lc^:he following 
^n-^'t \v ■ d^uatidn:-^ Jix/r, Ti^ra \ .^1: ■yu -.r^b .u- ^ 'c^ -. ^-.y: 



O 

n CI — P— CI + n HO— R— OH 



HCl 



Most poly (phosphonates) are also obtained by condensation between appropnately 
substituted dichlorides and diols. 

* \ ...Poly (phosphites) have been prepared from glycols in a two-step condensation. A 
20% molar excess.of a dimeUiylphosph^^^^^ to react with the. glycpl, fo^ by the 

1 0 removal of the niethoxyphosphony 1 end groups in jth^ oligomers by high temperature. 

An advantage of melt polj^condensation is that it avoids the use of solvents and 
large aipouhts of other additives, thus making purification more straightforsyard. It can 
also provide polymers of reasonably high mpleciilar weight. Somewhat rigorous condi- 
tions, however, are often required and can lead to chain acidoiysis (or hydrolysis if water 
15 is present! Unwanted, thermally-induced side reactions, such^ cross;linking. reactions, 
can also occur if the polymer backbone is susceptible to hydrogen atom abstraction or 
::ini::gio TQ^^idatidn vs^i'fli subs^^^ ' ' 

To minimize these side reactions, the polymerisation can also be carried out in 
solution. Solution polycondensation requires that both the prepolymer and the phosphorus 
20 component be soluble in a common solvent. Typically, a chlorinated organic solvent is 
used, such as chloroform, dichloromethane, or dichloroethane. The solution 
-polymerizaticiri'^'m^ in^the'^ffeseftce of equimolk^ amounts of the reactants and, 

rv ;; - preferably, a^toichiometinc ambi^^^^ acid acceptor or 'at- £^ 

* = ^ ITsefaF acid^iciei^fers mcltide tertikfy 'amines -ks p^diiie or ttethyfaxnineV' fexa^ of 
25 ^ useful Lewis'%cid-typ^ catalysts ^^i^^^ clilbttderand icafcitini Chl^^^^^ The 

■ ; : ^-^p'toduct is then typi^^ isolated- from the solution by prebipitatidW iri^a nb^^^^^ and 
-piinfied to remoV^^ saii by-conven^ibnal'tecKniq^^ kriovtii to those of 

^ ' 6 iri the^ ah, such as by washfng wlK m 

HCl. • :.:.b.^LYdn.;r/--.: 

30 Reaction times tend to be longer with solution polymerization than with melt 

polymerization. However, beqause overallr milder, rjeac?|io^i^^^ side 
reactions are minimized, and more sensitive functional groups can be incorporated into the 



BNSOOCID: <WO 9846286A1_I_> 



-24- 



i ..... P9!y.nf??rr The disadvantages of solutioriipolyirierizatjon arerthat the attainAient of high 
. . ..mpl^ular weightsi, such as a Mw greater thani20,0.00gi is .lesa likely; ! / i , • 

' .{ ^ -Interfacial polycondtensation can be lised when high' ^ino^etui^^^ polymers 
are desired at high reactJoh rates. Mild conditions 'minifniz^' side''^^ Also the 

5 depeiidence of liigh molecular weight on stoichiofiietfic equivalence' bet^fe^n diol and 
dichloridate inherent in solution methods is removed. Hov^rever, hydrolysis of the acid 
chloride may ;Occui;rjD.i,the aljcaline aqueous phase'. fSensitiye dichloridate^ that have some 
, solubility in water are generally subjects to hydrolysis rather than^polymerization. Phase 
transfer catalysts, such as prown ethers or tertiary/anftooniuhi chloride, can be used to 

10 . bring the.; ionized diol toi the interfacse' to facillitat6 the polycbnderi^tion;i;eaction. The 
yield apd molecular weight of the resulting polymer after interfaqial polycondensation are 
affecfed by reactipo^tiinej. molar ratio of the nSbnomere, volmne HtioW'theVimmiscible 
solvents, the type of acid acceptor, and the type and concentration of the chase transfer 
catalyst. 

i' -'l'"^ 0 ^ilP '^.<:V .O\il\0' ! " ^Ti'^ O'.J 'T- 

IS . ^ In- a preferred embodimenttofi therinvi^^^ 

?i y III is made by^a process comprising tiie step of reactirigian amino acid derivative known as 



a desaminotyrosyl L-tyrosine ester, which has the formula lY. ; 




20 wherein R is as defined above, with a phospfxoSi'h'alidate of /ormiiia V " 

/ .;i*:'rv o^u oj V-^, .-n ^>ri: Jjyvi^"-*^; ;u ,br;.. l>t)"Hi^^n^- is lj >-'i.t aoly.' :y 

■ ) ,n :r 'i^^"]^°^^b^^^.^^y and R^ is as- defmed abpve, to formvjhe pplymec of formula HI. 

.. .^ii.'q H^^Ffie^'tieSamihotjT-osyl^T^ ester ■ k '-forinula'' TV- catf Be= pfepkred by 

25/ . .dicyoMia.5^icai^bddiiiftid •(i>eG)-medikted ' coupling ^ reactions in- 'kif 'in^rt' solvent 
- ' ^>fOllowiri^>iScahdard procedures' of" jiepiVide dhbihilstry, sucK as ' diisclosed in' Bbdanszky, 
(1984) /•rac/Zce of Peptide ^^^esis, 145, the disclosu re pf whi ch i s faWeSy' incorporated 
by reference. As a specific example, the hexyl ester of desaminotyroSyTL'tyrosine ester 
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■ i ri : ("RliTI^";. caii be ^ prepared ' by ^ the DCC-mediated coupling of desaminot>TOsine and L- 
tyrosine hexyl este^iiR^etrahyidrofiirs^n as the solvent. ^The crude alky I esfer is' typically 
obtained as,^ oiU Avhiqh- .can ,be purified by a , number of methods, e.g., flash 
chrom^tpjgr^ph^ o^^ with 70:30 chloroform:ethyl acetate pr 98:2 methylene chlor- 

_5 _ ide:m,ethanoL ,Crystallizatic;j^pf,^e pure DTTH can. usually be accelerated , by crystal 

• v m 1^ :1* Alkyi esters of cyrosirie having up to eight carbon atonies in the ester group can be 
oar:d i prepared by the procedure displdsedan Greenstein et al.(^96\%^Chemistry of the Amino 
r y4d/^p929- 'pafticularlyMlftustiative Proceduite 10-48, the disclosure of which is hereby 
^i- iO . T irtcorporated by reference. lAlkyl esters of^lyrosine having mbre than eight carbon atoms 
: 7 ; i t.jn the ester groupicartftoe pffepacred according tfie procedure disclosed in the -examples of 
Overell^U-SiPatent No. 4,428,932; which is hereby incorporated by reference.- 

' he purpose of the 'poiymerfza^ibn'reactic^^^ the^ invention is to form a copolymer 
comprising (i) desaminotyrosyl L-desaminotyrosine recurring units derived from the 
15 amino acid derivative of forinula I¥ /aind (ii>>phosphoryiated"estbr"recum units. The 
result can be a copolymer^ having a microcry$talline stiiicttire ttet' is -particularly well- 
suited to use as a controlled release carrier, ^i^ni J-.j 1^ :ru>: ' 

The process of the invention can take place at widely varying temperatures, 
depending upon whether a solvent is used and, if so, which one; the molecular weight 
20 desired; the susceptibility of the reactants to form side reactions; and the presence cf a 
catalyst. Preferably ,>owever, the process takes place at> temperature ranging from about 
0 to about t235^C for meU^coriditJoris, Somewhat *cwer temperatures, e.g., for example 
from about -50 to ab^iit 100-C may be possible with solution polymerization or v^dth the 
use of either ia cationic or anionic catalyst.., . . „ ■ , . . 

25 The time required for the process also can vary vyidefy, depending on the type of 

reaction being used, the molecular weight desired and, in general, the need to use more or 
less rigorous conditions for the reaction to proceed to the desired degree of completion. 
Typically, however, the protesJ; takes place during a time between about 30 minutes and 7 
days. 

"SQ^-^'-^^^ru?"/'-' While tffe pxrocess nfiay be in butk^^in solutidn, by ihterfsic^ or 
,H i. . any ptber convenient, method of polymerization, preferably^ the; p^cjuesc-; i kes place under 
, I . splution .conditions. Particularly , useful solvents iriclude TOCthy kne ckknidev chloroform, 
^ tetifahyckofiiran, dirmethyl formamide, dmethyi sulfo of inert 

. prg^c solvents., . -^i.: ^.y^\v'^ i } 
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PA'lj.^^'^'yvwhen solution^ polymerization reaction is usedir:^ acceptor is 
, advantageously presenj during the. polypieriMtipn step. (^^^^ particularlyi suitable class of 
acid acceptor comprises tertiary,;ajnines, such a3 pyijdine, .tomethylmnine, triethylanriine, 
substituted anilines an^.substitutedt,aniinopyridines. The most prefeireji acid acceptor is 
the substituted aminopyridine 4-dimeth^laminopyridine ("DMAP"), , = , ; 

• ' The polymer of formula III is isolated from the" reaction mixture -by 'conventional 
technique^; such as^ by - precipitating out, extinction v^th an infiiriJscible^^ solvent, 
evaporation, filtration, crystallization and the like. Typically, however, the polymer of 
formula III is both isolated and purified by quenching a solution of polymer with a non- 
solvent or a partial solvent, such as diethyl ether or petroleum ether. 



i. . Biodegradabilitv and Release. Characteristics ^ -;f . , .v : f 

; The polyrhers of the prseriP invention can, in preferred embodiments, be 
^ • ' ' characterized by a release rate of the biologically active substance4ii vivo thait is controlled 
152 ' - at least in partlas' a function of hydrolysis of the phbsphoester bond of the pblymer during 
biodegradation, Additibriaily, the ' biologically active -siabstance to fe6 released may be 
. conjugated to thep^phosphorus sidechain Rjv to,/orm a pendant] 4iiig delivery system. 
Further other factors are also important. 

The life of a biodegradable polymer in vivo also depends upon its molecular 
20 weight, crystallinity, biostability, and the degree cf cross-linking. In general, the greater 
V li :the*rholecuIa(r weigh^'the higher the" degree'dftfystalU^ the greater the biostability, 

v-S--'^ ;cthe^slo^Bi5degrad^^^^ ■ - "--^^ ^^---^5 h^r- ■;^.i.v 

^ Accordingly, the, structure of the sidechain can influencje the release behavior of 

compositions comprising a biologically active substance. . For example, it is expected that 

25^ conversion of the phosphate sidechain to a more lipophilic, more hydrophobic or bulky 
group would slow, down the degradation process. THus, release is usually faster from 
polymer compositions with a small aliphatic group sidechain, than with a bulky aromatic 
sidechain. 

. - ^ri; fi \!,'j^:}\v\\i> ^vjU.j ■ K ?/0 ir: n;":- ^- al" -i. -Ln'-rj 

The mechanical ( properties : of ; polynier are also important/ vrithvrespect to the 
30 processability in making molded or pressed articles for implantation. , For example, the 

glass transition temperature can vary widely but must be sufficiently lower than the 

'.[11 w.. zVi D^^^rJ^:?u Vj.. > * i^: "li- ^v. ^.^ : . ' o?*;?:' .^^ f*- .< ■ . ' co'U;:.! 

. temperature of decomposition to accommodate conventional , fabrication techniques, such 

as compression, molding, extrusion cr injection molding. The polymers of the invention 

typically have glass transition tepiperatures varying between about 25 to about 75-C and 

35 preferably, from about 45 to about 65-C. 
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: V -I ' V • W£i^t^a*C^efag6f rr^ (lV!w)"t^pically vary from about 2,000 to about 

^ ^ " ' 200,000 daltbhs^,^>p^^ tc about 100,000 -^aaltons ^hd, most 

/ preferabli^V'frbm about -l^OOG' to about 20,000 daltons. Number averageVmoleculaf weights 
^q ? (MrO Car^M^^^ widSly, but generally fali^4h the range of about i;()00 to '100,000, 

5 preferably about 1,000 to 50,000 and, most prSfferably, from about 1,000 to about 10,000. 
Intrinsic .^vis^^ from about 0.01 to about 2.0 dL/g in chloroform at 

4D"Cv pro/erably frpni about 0.01 to about. 1.0; dL/g and, most preferably, about 0,01 to 
...... .^abputiO.S dI7g. va^^:-:-^/'; ^ -zmvi U'^^. .' -"i^ 

10 Polymer Compositions 

The polymers of the present invention can be used either alone or as a composition 
containing, in addition, a biologically activr^^ s^^ useful 
biodegradable materials. For example, the polymer of formula L can be used to produce a 
biosorbable suture, an orthopedic appliance or bone cement fpr repairing injuries to bone 
,15 or connective tissue, a laminate for degrada^^e or non-degradable fabrics,; or. a, coating for 
, . an implantable device, even without the presence of a biok?gica!ly active substance. 

r Prefers blyV however, the bibdegradable polymer Composition comprises both: 

(a) at least one biologically active substance and 

' ^ ^ ^j^^ polymer having the recurring moriomeric units shown in formula 1. 

20 The termSi dmp^" ; "jipedic^mpnt/.' pr "biqactiy^^. su|3£ftanc active 

substance) as used herein include, biologically, physiolpgicajily; or- ghaim 
active substances that act locally or systemically in the humeui or animal body. Various 
forrris of the medicaments or biologically active materials can be used which are capable 
of bemg released from the polymer matrix into adjacent tissues or fluids. The medicaments 

25 ' are at least very slightly Water-soluble, preferably moderately water-soluble, and are 
' diffusible through t^^ polymeric comjiositiorii They caii be acidic, basic, or salts. They can 
be neudraT molecules, polar moletules, ^6r molecular complexes capable of hydrogen 
bonding. They can be in the form of ethers, esters, amides and the like, which are 
: ) > i:;bii:)logi^allyaGtivated\\4ieninje;ctedinfoth^^ " 

. 30 " The biologically active substance ^of the inverltion can vmy widely with the 

pliirpose for the composition. The active sUbstance(s) may be descnbed as a single entity 
'or a combinatioii of entities. The deHveryVystem is designed to be used witii biologically 
active substances having high-water-sbiubility as well as wth those liaVin^^ water- 
solubility to produce a delivery system that Has controlled release rates. 'The term 
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"biologically,^ active* substance", includes without.- limitation^^^^^^ vitamins; 

mineral; supplements; substances used for fthe treatmenV, ^preyentipn, ^diagnosi^, cure or 
I.. ^ mitigatipn of disease or illness; or substances which affect .the, structure or function of the 
. } . body; or prordrugs, which become biologically active or more^active ^fter Jhey have been 
, , .5 placed in a^ predetermined physi^^^ . . : r . • o; • *^ 

% ^Non-limiting- -examples -G^^ useful biologieialiy}' active sub^tarices^lhclude the 

following expanded therapeutic categories': ^ anabblic'- agents, 'antaHds; ^anti-asthmatic 
, agepts, anti-cljolesterjplemic f^d anti-lipid agents; anti-coagulants, anti-con vulsants, anti- 
diarrheals, anti-emetics, anti-infective agents,. antiTinflammatory agents, anti-manic agents, 

10 anti-nauseants, anti-neoplastic agents, anti-obesity agents, anti-pyretic and analcesic 
agents, anti-spaismodic agents, anti-thrombotic agents, anti-uricemic agents, anti-anginal 
agents, antihistamines, anti-tussives, appetite suppressants, biologicals, cerebral dilators, 
coronary dilators, decongestants, diuretics,, diagnostic agents, erythropoietic agents, 
expectqrants, gastrointestinal sedatives hyperglycemic agents, hypnotics, hypoglycemic 

15 agents, ion exchange resins, laxatives,^ mineral supplements, mucolytic agents, 
neuromuscular dru^s, peni>heral vasodilators, psychotropics, sedatives, stimulants, thyroid 
and anti-thyroid agents, uterine relaxaiits, vitamins, antigenic materials, and prodrugs. 

Specific examples of useful biologically active substances, from the above 
categories include: (a) anti-neoplastics such as androgen inhibitors, antimetabolites, 
20 cytotoxic agents, inununomodulators; (b) anti-tussives such as dextromethorphan, dextro- 

methorphan , hydrobromi4e, noscapine, carbetapentane . citrate, and. chlophedianol 

O"' . ..urr*\ . '/ .* M ']•.? /cj^Y'.' . ..i:--^Jia.j O/ \,j iio.,-./;/ 

, hydrochloride; , (c) antihistaniines such as chlorpheniramine maleate, phenindamine 

tartrate, zyrilatnine maleate, doxylamine succinate, and phenyltcloxamine citrate; (d) 

, ,^^^R^S?s^ts such as j>Jjenylephrine .hydroc|^Ioride, xhepy l^r^^^ hydrochloride, 

25 pseudoephedrine hydrochlQride,, ^and^^^^^ (e) various alkaloids such as codeine 

Mr jP^^^P^^-^rs^j^?^^^ ^d, morphine- (f),i^ineral , supplements^ such as potassium 

^ chloride, zinc chloride, calcium, carb oxide, and other, alkali metal and 

-/^'r:v^/ ••''i'. '0!ir-r ^1 . '...i: u .or ^ ^ / o .1/ -.Vf-.v^^*.. ,?:i;'i^G .^.^l 

^ alkaline earth metal salts; fg) ion exchange resins such as cholestryramine; (h) anti- 
^ - J ^_ ,^^y*t^^^ analgesics such as 

30 ' acetaminophen, aspirin and ibuprofen; (jj .appetite, suppressants such as phenyl- 
. .. .» Rropanolamine hydrochloride or caffeine; , (k) . expectorants such as guaifenesin; (1) 
^ antacids suqh as aluminum hydroxide and magnesium hydroxide; (m) biologicals such as 
. peptides, polypeptides, proteins. and amino acids, hormones, interferons- or, cytokines and 
Qther bioactiye pep^dic compounds, such as hGH, tPA, calcitonin, ANF, EPO and insulin; 
' ■'^v J^P^ ^^^^^'^^^^ f^^^ ^? ,^J?"*V^Sals, anti-virals, antiseptics and antibiotics; :and 

(6) antigenic materials,^ particularly those useful in vaccine applications. , ^ , 
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: : ^ ■ > To fiirilier^illii^ate;' which can be formulated 'in the subject 
poiymfefs includi^; but atre not Irmitbd to^ ifcethotrfekate; 5-flubrouracil;^cytosine arabino^ 
(ara-C); -S-'aSiacytidmei -^6-mercapfc)piMine,' e^thioguaninei, ^ and fl'iidaLrafeine jihosphate. 
AntitumSf amibimicS^'ifia^^ liiliited' lb doxordbicin, daunorubicin, 

5 dactinomycin, bleomycin, niitomycin -^lib^Jtmi idahifeicin, and-ihitoxantrone. Vinca 
alkaloids :^d epipodopil)yll,9^toxins may include, but are^; not limited to vincristine. 
Vinblastine J-: ir.jy: r:'^^ 

.3 ; r ;:i:; ' Nltrosoiireas CEui also fee provided in the 'subjfeet'matrize^ including carmustine, 
So :^:lomustine, serftustine^^ahd streptozocint r.vir ^ rr^ri . . :i . r 

10 ' Hormonal therapeutics can also be included in the polymeric matrices, such as 

■ '^corticosteriods ^'(co^rttso^ hydrocortisone, prednisone, prednisolone, methyl 

prednisolone and dexamethasone), estrogens, (diethylstibesterol, estradiol, esterified 
estrogens, conjugated estrogen, chlbrotiasnene), progestms (medroxyprogesterone acetate, 
hydroxy progesterone 'caproate,;megeStroI acetate), antiestrogens (tamoxifen), aromastase 
15 inhibitors (aminoglutethimide), androgens (testosterone i5ropionate, methyltestosterone, 
fluoxvmesterbne, testolactohe), ahtiandrogens (flutamide), LHRH analogues (leuprolide 
acetate), and eiidocrines for prostate cancer (ketoconazole). 

Other compounds which can te disposed in the' polymeric compositions of the 
pfeseiit invention inHud'e' those presently cl^sified investigational drugs, and can 
20 includV, but are not iinniited to alk^^ sucli aV Nirnustine ^AZQ/ BZQ, 

* tyclodisone, DADA^^ Cili0-i2;7, (^th, T^ABIS'^ malea^ EDMlQ;' 1^ 
Hepsulfaim, Hex'aniethylmelaiTiin^^ MafbsMiide, MDMS, PCNU, Spiromustine, TA-077, 
TCNU' ahcl Temozoiomide; a^^^ sucli as aciyicin, Azacy^^ 5-aza- 

deoxycytidihe, A", Beiizylidehe glucose,* ^ Carpetimer, CEf 37 1 7, Deazaguanine 

is ■ mesyiate^'^^b5Eb>C/'^l^^ Ta^aratijne;^ 
MZPES, " l^i^Ml ' I^^^ Ti£iK,"TM<l ~1^(C^-P'^ana^^^^>^ 

antibbdie^, su(* aS Ai^ Xmoimftcleim 
ei-921, Datelliptiuim Mitbriafide/ Pirbxantrone^^^^ Aclafubicin;^ Cytorhodin,^ Epirubicin, 
' esbnibicin, Idanibicin,- lodo-dbxorubicin, Marcellomycin, Menaril, Morpholino 
30 ' ^thifacyclinesr iPirarabicih, !SM-5887; niicrotubu\e ^pindie iniiibitors, such as 

' Amphethinile, Navelbine, aiid Taxol; the alkyl-lysophospholipids, such as BM4 1-440, ET- 
1 8-OCH3, and Hexacyciophbsphochbline; metalli cbnipourids, such as Gallium Nitrate, 
^ ^286558;, CL287110, (^iycloipjla^^ Nklil^ Ip^ 

Spiibpiatih/Spirogen^ and Titanium compounds; an^ nbvel compound such as, 

35 for- e^ 6Sb, Caracemi'de, DSG, Dicie B, 

DMFO, felsaniicin, Espertatrucih, Flavohe acetic acid, HMBA,^ ^ 
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! Ipdodeoxyuridirie, lFtomeanol, .Liblomycin, X6nidamiheji/!LY.l 86641 ;^^^ M MTQ, 
.. Merabarone SK&Flp48j64, Suramin;/Fallysomycini Temposide,,THU;and.'WR27 nd 
;;.Torem.ifene, Trilosane, and zindoxifene.'. ji J . n, V>j t '".r y:'l : ?■• 

Antitumor drugs: that are iiaiciiation enhancers '(krialso%e forniul^teil in'the subject 
5 polymers. Examples of such drugk'include/'for' esfainple; the chemotherap^mic kgents 5'- 
i ; i: fluorouracil, mitomycin, cisplatin and itS)derivatives, laxol, bleoniycinsi daunomycins, and 

•■.;methamycins.-.j,,Mi ■ .:; ■ ,!,■ ■ w;-..- is .-^ riv/ ,3vi;:>.-. ;. 

The pihannacfeiiticaY and matrix combinations of tlve inVenVwtf may; adai&^ be 
" ■ uied for the Hfeafment 6f inffections; For ^^kh an appli^atibiif aritife water 
10 -'aoliible or' water insoluble, miay be iiMbljilized/f(Mblated •ih^^-fc^^^ lubjei:?' polymers. 
Antibiotics are well known to ' those of 'skill in the art, and^ iricliide, 'f6J^^ 
penicillins, ; i; cephalosporins,-!- lettacyelines, ,: i ampicillin, Jr .'aureothicin, bacitracin, 
. chloramphenicol, .cycloseripe,...f -fythromycin, : gentamicin, grainacidinsi kanamycins, 
; neomycins, streptomycinSi tobramycin- andjvancomycin : lur,: ■ 

15 " The subject poli^mefs tari als6'1^^^^ fortnuldlld wiSi peptide, prdteins or bther 

biopolymePs, e.g., such as iriWfefbns, iAtdrifeiikiriS,' tumw other 
' ' protein biological response mOdifi'CT^^ ^^^^ • / i vi..;;!:; : 

.T-;..or *^^J?j<>^Pgically.^ctiye^su^ from the. group consisting 

■A: i ; .^^ Po'Xf^fi.'^^l^^df^' grovyt^ factpre, ^hjpmonK^ Mti-^gip§^^ l^cto^,, interferons or 
^^• :>i .^^°M^^^'-^^Pf9^,^i^^^- ^^ A^^^^l^h B^'pf^rred p|nbodi|nent,,the bioipgically active 
substance is a therapeutic drug or pro-drug, most preferably a drug selected from the group 
■ ■ corisisting'oiF'bhefriothet^pc!^^ ageM'^and '6th^f '^tr^iidopl^^^ anti-virals, 
. . ^*i-fiili8al^» anti-ihfla!^Ari^ 

.'x-! i\sr''-'i .1. rv .1!,' M,'i,id .'.! :n;-r\''.'in -m.' i?- . ..... Oj'j-. >,!.-.'.'.;■.■■ V' wj . . j.; 

25 in^^orppra^^d intp *f.P?^;ymer ma^x,^ polymer 

iii),; : l^^^v^yn*?!; ^^^^ the 
An^ ^}^^^^A^^^ ^® fr®'" adjacent tissues or , fluids by 

, :L; rf!^fei?"i^^.^!X!?9!" I^^S'"??^**?!^ ?^e?5hani§m$., Manipulation of these, mecl^sms also 
oi'' i- o-vcr^^^"/^^ r^le^ of. Jbioacti,y$_ matei^ tjie s^oup^in^j_at^a^9onti;p^led 

^^^H' ^?^.M^P-!'?'i^f!p^^y^^,!?^*^^^ ^ formulate^ tp degrpdg ^er an effective an/or 
vj^-¥M*i^f?^^W^ ?fi^% material, is. released from the n>atrjx,,^^lelease of a 

material hfyipg^a ^l^vsr. sc^juhility in ,\jfate.r, ^ Jpr example a peptide pr, protein^, typically 
requires the degradation of a substantial part of the polymer matrix to expose the material 
' directly 16' the suiT^»iiridin^ %ssue 'tfuids. T^us^' to^ of the ^biologically active 

35 ; -ihitenal from the matiix can ife viied 'by; fw exmnple, the soliibility of Ae^bioactive 
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O . ; materia) :inc;wafer, the diis^ of the bioactive material within the matrix, or the size, 

:iliape,lvporoSfty^ of the> 'polymer matrix, among other 

factors. The release of the biologically active^ material from the matrix is controlled 
relative to its intrinsip T^te by varying the polymer molecular tweight and by adding a rate 
, 5 mpdi^ing agent to prftvi,cie ^.desired duration and rate of reje^se. , . ^ ^ 

U;.', ; ^:; r> L^'T^ activc substances are used in amoants that are therajjeutically 

effective. While the effective amount of a biologically active substance v/ill depend on the 
, _ paftifjular materia^, being amounts of the biologic^ly active substance from about 1% 
to about 65% have, been easily incorporated into the present delivery systems while 
10 , ^ acliieyjjng contro^lled rel^^e^ jLes^epr anipunt^ may be used to achieve efficaciops level? of 
treaUnent forcertaijin biolo^^ ^ : ^ 

: ' Othier additives can be used to acdvantage in Airth^r coritroUing the desired release 
-vfr :rate ofra bioactive material for a p^icularlrfeatrnent protocol; Fof example, if the res^ 

polymer is too impervious vto ^water; "a por^-rforrhing^^ can be added to' generate 

15 additional pores in the matrix. Any biocompatible y/aterrsoluble material can be used as 
/ the pore-forming agent. The^e . agents cap be eitb^r §oli4V>}e in the liquid composition or 
simply dispersed within it. They are capable pf dissolving, diffusing^ or dispersing out of 
both the coagulating polymer matrix and the formed polyrner system whereupon pores and 
i^^^^ ^ *-^^^'mifc^8f^^ (A\mis^i3^^6i^t^ in the rriktrix and system. The amount of pore-forming 
^- 26"'^^agent (artld Me of dispersed pf^iclis of ^ch p^oVe-forming agent, if appropriate) within th 
^ 'composition will directly Wect'&e^^iM number of the'pbres m the polymer system. 

Pore-formipg agents Jnclucje any pharmaceutical ly acceptable organic; pr inorganic 
substance that is substantially miscible in water and body fluids and will dis^ipat^ from the 
forming and formed matrix into aqueous medium or body fluids or water-immiscible 
' 25 siibstan&s; tha:t rapidly* degrade* to W^teWsbiuble siibstahce^' TH^ fibre-fofming agent may 
-vz < iG soluble or ih^Rifeie Ih tM'pdli^eff li^^ ebmii6Sfition of tiie ihventiOa.'1^n'liie liquid 
" • " ' cdmi?bsitidH of the ihventioh, it is ^ittinei' pfeferrieH'^^ 

C - oFdispefsibie'm oi-gariic sblvent to fdrtn a toiforiti hnxtiirb: Suitable p6^^ 
t. v.; <^i-^iagfents' ihcliid^ sucli as silcirdiid'afid dextrose, i^khs's^^ sodium 

30^^'^ ehloride- ^id^ 's^^ 'c^omite,^ aiid ' polymCT^ 

- cairbbxymetliyiceUulos^^^ polyeihylene giycolVand polyvi^^^ and 
' extent of the pbres can be i^arifed over a wade range by thd^gm^ i!^^^ and 

^ • - V pefden^ge of pore-forming agent incorpo'f ated into the polyriier system. ' ' 

^v- ^nr .J ^. ■ ■ r'i r :\\ ^--^ : \r ^ ^s\u . ->:Li -^?-i(;ro- , 

In addition, the polymer composition of the invention can also comprise polymer 

35 . blends of the polymer of the invention ,v^th otiier .bi9cpnfipati polymers, so long as they 

do not interfere undesirably with the biodegradable characteristics of the composition. 
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Blends of the, polymer of the invention with such othgrj3oly^ers may offer even greater 
flexibility irj designing the precise, release profilp d^ired for^targeted ^g dqUyery or the 
precise, rate of biodegradabilityj, desired for stiijctural;, implants such jas, for orthopedic 
applications.,, sExa^ ofMSudi^ .additionaJ. biocompatible pojy.m^rs include other 
5 polycarbonates; polyesters;.^ pplyorthoesters; polyamides; polyurethanes; 
poly(iminocarbonates); and^polyanhydrides, 

.J , Ph3nnaGeuticially acceptable ;,carriers may be prepared from a widp range of 

> ; materials., Without being limited -thereto, such materials inQlude. 4iluents, . binders and 

adhesiyes, lubricants,- disintegrants, colorants, bulking agents, flavo^ngs, ^sweeteners, and 
10 . miscellaneous materials such as buffers apjJrflibsorbents in order to prepare , a partiqular 

medicated composition. . , , >, r j 

' Iniplants and Deliverv Svkehis 'Designed for Injection ' ^ f 

In Its simplest form, a biodegradable therapeutic agent delivery system consists of 
1^ a dispersion ot the therapeutic agent m a polymer matnx. The therapeutic agent is 
typically released as the polymeric matrix biodegrades in vivo into soluble products that 

^""^^ckn beiexcreted^^ f r u v-r ^- ;h oi 

f ; . ^ , f ' ^ particularly preferred ei^ibodiment, an. ^ici? is used for , implantation, 
injection, or otherwise placed totally or partially within the body, the article comprising 
20 the biodegradable polymer composition of the invention. The biologically active 
siibistance' of the conipbsitioh and Uie*'p<Jiymer Sf the iiiventibn may for^n a homogeneous 
ihatrix, or the biol%ically active siibstance'^ni^^ some' way* within the 

^polyrher. For ekample, the biologically Active siiBst^ first' enbaiisiilated in a 

microsphere 'and tJien combined with^t^^^^^ at least a portion of 

25 the microsphere structure is maintained. Altefnativeiy, the^^biblbg active substance 
iv :.n;aycbe sufficiently; inMpiscit^le in the polymer of the invention that itus dispersed as small 
/-^? .:drpplets,: ratiipr . than = being dissolved^ in the pDlyraer.;:JBither form is,ac9eptable, but it is 
preferred that, regardless of the hompgeineity; pfbthe composition, the release rate of the 
biologically active substance in , vivo remain controlled, at least partially as a function of 
hydrolysis, of the phosphoester bond of the polyuier upon biodegradation. 

In a preferred embodiment, the article of the invention is designed for implantation 
or injection into the body of an animal. It is particularly important that such an article 
result in minimal tissue irritation when implanted or injected into vasculaiSd iisSue. 

As a structural medical device, the polymer compositions of thdHnvention provide 
35 a physical form having specific chemical, physical, and mechanical^ properties sufficient 
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for the appHc&ti6tt^,k^^ that defgrades iii vivo int6 %on-t6xic residues. 

Typical sWuctitf^^ iricWde SHch'ifhplants as orthopedic fixation devices, 

' ' vehtric^^^ shunts, laminates for degradable-^ drug-6an4ers, biOabsorbable sutures, 
' ' bum dressings, coatings to be placed ori'^ther iifiplaht device?s, ahd theiikb: 

5 In orthopedic icicles, the composition of the invention may be'useful for repairing 

bone and connective tissue injuries. For example, a biodegradable porous material can be 
• ^ " Iba^ded 'w^^ bohH 'moit)h6gehetic proteins to form a bone graft useful for even large 
- ■ ' ^ -"^^rftentai graft applicdti6ns, a biodegradable material in the form of 

- < woven faWic c^ be u?ed to promote tiskue ingrov^H: -'l^^ polymer composition of the 

- 10 -'i may bi^* useff as a t&ripbrary 'barrier for preventing tissue adhesion, e.g., 

following abdominal surgery. ' 

On the other hand, in nerve regeneration articles, the presence of a biodegradable 
supporting matrix can be used to facijitate Q^ll.adh^^^^ the 
polymer composition is fabricated as a tube for nerve generation, for example, the tubular 
15 article can also serve as a geometric^ gui^e for axohal elongation in the direction of 
^ functional recovery. 

As a drug delivery device, the polymer coipq^posi^ti^jns of the invention provide a 
polymeric matrix capable of sequestering a biologically active substance and provide 
predictable, controlled delivery of the substance. The polymeric matnx then degrades to 
20 non-toxic residues. . . ' . ' 

, . -Biodegrad^ible medical implfmtdeyi^es and drug.d|eiliyery.prcducts c^n be prepared 

; i in -sev^ral ways.j^,;Tlie,i3olym using conventional. extrusion or 

,injection'^,moldjngvteclmique^,;^or.t^^^^ in an 

: appropriate sol vgnt, /olio jved b^ formation of the ^eyice, stfid ^ubsequ^^nt removal of the 

25 solvent by evaporation or extraction^^^^^ ; ^ ; ■ c :> f t dJ. 

^ Once a mediciSi impiibntt airafele is^^i^ 

contafet with a bioiiSgicai fluids ^uch' as blSod; inienva^ orgah secretions, mucus 
• ' ■ membranes,^ cerebrospinal flm^^^ ' ^ ■ ' : . v .; ^ j . i ; >-";}q 

" " " ' In more detail, the surgical and niedical vises of thV filame^^ films, and molded 
30 articles of the present invention include, but are not necessarily lirhited to: 

a. bum dressings , . . 

....b.-herpia patches s , ? , ^^-.jv : i^-. " -r ■ ' -'ruiy: ai 

p. .niedicajed .dressings , ... <; s.'lv:.^ i;:.:;.^: ? r-^ 

'd/ fascial' stibstitutes^' ^^^■•••^* ^'^V r''^'" fCr^'L^;; i--^ ^-^ 
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e. gauze, fabrip, sheet, felt or sppnge^fpr liver hemostasia. 

f . gauze bandages g", arterikl gf aft^oi- isuBsti tutes ' 



1 h 



■■■U 



h. bandages'for skin surfaces 

i. suture knot clip t ^: • =ij ^ 
j.^orthopedic pinjs, clamps, screws, and plates ; rfv/r ^= A 

^^k. clips <e.g.,forvehi^:ava) • ( ^ - 4 - - J ^ v;hiin 



1. staples 

m. hooks, buttons,.and snaps id'^o : i *»'>r;v^ Tj; /v^-^-^yl':- \ 

h/bbne substitutes (e:g.,:mfediblibp^^ ^ i.7fw . r >^ : r{ 

10 o. mtrautenne devices (e.g., spermicidal devices) 

p. draining or testing tubes or capillaries 
^ :?^g^^ i'^Sitrunients , i;: q ^nvrK n 

n - - r. r, vascular implants &^slq^ ■ k 

s. vertebral discs , , ' 

f extracprppreal tjibing for kidney. a^^ machines h : , [• . ; r-:o x//d 

i^'^^r.Ov 'inartificial skin ^ ^ ' " ^^-X" ^ ^ibn-' ^Uijf.vT oiir a. uii; -^;r'' H:, 

V. catheters Xincluding, but not limited to, the catheters described in V S. Pat. No. <=21> 
4,883,699 which is hereby incorporated by reference) 

w. scaffoldings for tissue engineering applications. 

't ..'•'I o .I'lcx ;o 2;f-- '■/ ■-..C '.o \: .'^ '■•■).!'!£!<■:.".'".'.»■;":• 1 i' ..t)3r ■; 

t.>20ii,ivr, .ioii :,<In another, e^tibq^iment, the dipha^^ prepolymers and 

/ui . i, ; suitable, crpsslijike^ polymers iand blends>;is used to coat -a surface of a surgical article to 
. ig : .^?^^ce tbe jubrieity of <fee, coated , siirf?^^ may be appjied as- k coating 

v ;. .M^ingrppnYentipnaKte^ Eor example,: the polymers may be soliibilized in a dilute 

> i f ? ^^olutipn 9f.a;volatae;,;0fg;^i0 ;sol)vent, j?.g. aQetone, methandi,'Jethyli acetate or tolsiene, and 
-25 MJ^en. jtbe. article ;C^, be- im soiutiori to coat its. surface; Orlce theosurfade is 

TX<Goate(i, th§{ surgi<r^ article cafit be^ |-emoved from the isolutibn where it can be 'dried at an 
elevated temperature until the solvent and any residual reactants are reriio'Ved.^For use in 
.,^?^^J)^i^PJ^^^^^^^°^? P^^l^^J^ ^j^T^^K^}^?^^^^^^^^^ an inhererit viscosity (initial 
> .}y %^jf^^n°^^'^°f,^^''Vf:?^^^P^^y™^^s)^ m^sured in a 0.1 gram per deciliter (g/dl) of 
30 hexafluoroisopropMol (Iff 0.05 to. about 2.0 dl/g, pjceferab|y ,about 0 J 6 

to about 0.80 dl/g. If the inherent viscosity were less than about 0.05 dl/g (final IV for 
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crosslinked polymers), then ihe polymer blend may not have the integrity necessary for the 
preparation of films or coatings for the sujfo.ces of various surgical and medical articles. 
On the other hand, although it is possible to use polymer blend? with an inherent viscosity 
greater than about 2.0 dl/g, initial IV for crosslinkable polymers), it may be exceedingly 
5 difficult to do so. i l-. 

Although it is contemplated^ that numerous surgical articles (including but not 
limited to endoscopic instruments) can be coated vsrith the polymers and blends of this 
invention to improve the surface properties of the article, the preferred surgical articles are 
surgical sutures and needles. The most preferred surgical article is a suture, most 
10 preferably attached to a needle. Preferably, die sut^ire is a synthetic absorbable suture. 
These sutures are derived, for exanjple, froni honjopolymers and copolymers of lactone 
monomers such as glycolide, iactide, epsilon -caprolactone, 1 ,4-dioxanone, and 
trimethylene carbonate. The preferred sutiire'is a braided multifilament suture composed of 
polyglycolide or poly(glycoIide-co-lactide)i ^ ^ > ^ ' ' i> r / 

15 The biodegradable polymer particles according to'-^e irivehtrbn can also 

advantageously be used for diagnostic purposes. ^.Xhus an Xrray contrast agent, -such as a 
poly-iodo aromatic compound, may formulated in the biodegradable polymer of the 
present invention so that it is liberated and safely eliminated from the body on 
biodegradation. Such paiticles' may be uafed for visualisation 6F the liver arid spleen since 

20 they are trapped in the reticulo-endothelial systems of those organs. ;The-X7ray contrast 
agent may also be simply held physically in the polymers by being incorporated during 



polyirierisatidn/ 




Polymer particles according to the invention may also contain paramagnetic, 
superparamagnetic or ferromaigneticlsufcstances^^w are of use in magnetic resonance 
25 imaging (MRI) diagnostics.e:Gius, siibrtlicron i>articies of iron of a magnetic iron oxide can 
,J be physically mcorporated into tiie^ ^pc^^^^^ polynierisatibn to provide 

r j : j rferromagnetic or superpafarnaginetic particles.- Paramagnetic' MRJ contrast agents 
1 lii iprincipally comprise paianriagn^itic metal ions, such as gadoliniurri^ idhs,--hdd a 
bi ::t-. f:hdaring ^ agent >w^ release (and^ i}ius >subst^^^^ elirriinates their 

• 3(X: .rtoxicity). In general many such: chelating ageiits a: c poly^^ aicids 
: b s such; as diethylene triarnine pentaacetic acid (R. B: Laiiffei\ •Sheml Rev. 87 (1987), pp. 

A : ... , . Poiynier particles of the invention niay also contain ultrasound contrast agents such 
' ' - ' e.^: barium' sulphate or iodirmted cpmpoimds^^^^s^^^ the X-ray 

35 ■ contrast aCgehts referred to' above, to provide^ultrasound contrast mediaV / 
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Exemplification 



The invention how being generally described, it will be more readily understood by 
reference to the following examples which are included merely for purposes of iHu^^^ 
of certain aspects anH embodimems of the present invention, £uid We not intend^^ 



the invention. 



• 1 '.ji;- 



Example 1: Preparation of the Monomer' Desaminotyrosyl L-T-yrosine Hexvl Ester 
(DTTH) 

O .. - - . 




0(CH2)5CH3 





:ho- 




OH 



DCC/HOBt 
THF 



OH 



10 




14.15g of desaminotyrosine,! 22;6 g of L -tyrosine hexyl ester, and 11.51 g of N- 
.hydrpxyb^iTO^azqlft hydr^e dis^lved inv ISO ml tetrahy4i?5>jfuran and 

;;99oJe4,tQ :-I02C..I>vt9X9M^^ 19-33 -g).was added. Nyi& stinirjg. :> 

15 - ' ''Hid readibrfnlixHire^ was stirred fc fhen5rfii bf glacial 

a^cetie afe?^i^iaS addea' to destrbyihe unrbafted DCC; and the inixt^^^ 
filtrafe 'Wa* eJvdporaited to dryndss, and thO' residue' Was re-dre^61ved hi' I^d 'ml' bj^'Myl 
acfetatej A^^asBed with 0.5 N HCl' sblutioh (iOO inil x 3)'; 015 N Na2C03 'solutib^^ 
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3) , and saturated NaCl solution (100 ml x 3), successively. The ethyl acetate solution was 
dried over anhydrous MgS04 and eyaporate.d to dryness again. 

The crude product was purified by flash column, chromatography (CH2C12- 
methanol, 98:2, v/v) . The fractions containing DTTH were evaporated to dryness .and 
redissolved in a small volume of a 95:5 v/v mixture of ethyl acetatcrmethanol. The DTTH 
product was gradually crystallized/solidified after an excess of hexane was added. The 
solid DTTH was removed by filtration and dried under a vacuum to yield about 15-20 g of 
white powder (43-58% yield). 



10 Example 2: Synthesis of the Corresponding Polvfphosphoester 'Co-amide'> PfDTTH-EOP) 




0(CH2)3CH3 



O 
II 

CI — P— CI 



OCH2-CH3 




(DTTH) 



(EOF) K 



o .|=|o 6CH2CH3 

■ ■ 0(CH2) 5CH3 

;•. . •■; :. i '};^■.. v<.;>:i yr. !c-:r' P-( DTTH;/Ed.P).:v:-3X-; {^^.-ru^i: ;>.'.b "i; / ; * 

; . ■ nri -'Uiider-an g of desamirio^rbsyp-i^^losme he^ 

5.07 g of 4-^dimeithylaminopyridiiie (E)TviAP), and '50 m!"6i^ methylene chlw^ 
ttansferredj to 250 ml , flask equipped wth .a .fuMd.^^^ Aj^ ethyl 
15 phosphadichioridate (EOP) in ,30 ml of :methylene chloride was added to ^he. v'^ianel,., The 
. solution in the flask was cooled, down to ;740°C with stining, and the EQP solvAipn^was 
a^ded.dropwise .difough.the funnel.. .When the addition Ayas. ccmplete, the;mixtoe, was 
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, gradually brought up to a.iemge^ature of 45-C and. was^^m^^^^ at reflux temperature 

The solvent was then evaporated, and a vacuum (0-1 mm Hg) was -applied for one 
hour while the temperature of the reisidue was maintained at 120^0. The residue was 
5 redissolved in 100 ml of chloroform, washed with a 0.1 M solution of HCl in distilled 
water, dried over anhydrous Na2S04, and quenched into 500 ml of ether. The resulting 
precipitate was collected and dried under vacuum, producing a slightly yellow powder. 

Example 3 : Properties of PfDTTH-EOP^ 

0 A P(DTTH.EOP) polymer was prepared as described above in Example 2. The 

resulting-poly(phosphoester-co-amide) polymer was analyzed by GPC using polystyrene 
as a standard, and the resulting graph established an Mw of 5,450 and an Mn of 1,670. 
The polydispersity (Mw/Mn) was determined to be 3.27. 

The polymer was very soluble in chloroform, dichloromethane, 
dimethylformamide, and dimethyl sulfoxide; soluble in N-methylpyrroIidone; and swelled 
in ethanol, methanol, acetone, acetonitrile and tetrahydrofuran. The intrinsic viscosity was 
measured in chloroform (CH3CI) at 40^0 and determined to be 0.055 dL/g. 

The Tg of the polymer was determined by differential scanning calorimetry 
("DSC") to be 55.6-C, as shown in Figure 1. No melting peak was observed in the DSC 
curve. 

The invention being thus described, it will be obvious that the same may be varied 
in many ways. Such variations are not to he regarded as a departure from the spirit and 
scope of the invention, and all such modifications are intended to be included within the 
scope of the following claims. 



All of the above-cited references and publications are hereby incorporated by 
reference. 



Equivalents 

Those skilled in the art will recognize, or be able to ascertain using no more than 
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.39. 

r , i: routine ex^eWmbiiStroh? m equivaleht^ to^flie specifi^^ embodiments' of the^ invention 
described herein. Such equivalents are intended to be encompassed ^by the following 

-'"tPi- ".j'lU svii^. , ■ o:v.-:-a:.:n;i' -;o. s>" ' ' ' 
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We^claim: 



1 . A biodegradable polymer comprising the recurring mbnomeric units shown in 

formula'!:' ' ' 




wherein: 

R is selected from the group consisting of H, alky 1, aryl or heterocyclic; and 



R' is selected from the group consisting of H, alkyl, alkoxy, aryl, aryloxy, 
Ketefbcyclic or heterocycloxy;'a^^ ^ 

n is 5 to 500, 

wherein said biodegradable polymer is biocompatible before and upon biodegradation. 

2. The polymer of claim 1 wherein R is a branched or straight chain alkyl group. 

3. The polymer of claim 2 wherein R has from 2 to 1 0 carbon atoms. 



4. 
5. 

6. 



The polymer of claim 1 wherein R is a hexyl group. 

The polymer of claim 1 j jwherein R'^ i'si anValkyl jgroup, an alkoxy group, a 
phenyl- group,/^ phenoxy gr6up^^^ heteropyclo^ group. 

The polymer of claim 1 wherein R* is an alkoxy group having from 1 to 7 
carbon ktomsJ l iuiniuor.:;''odii ',: djiv. ^vo<^^\ L -^'^ ^7; -^ -jj- 



7. The polymer of claim 1 wherein R* is an ethoxy group. 

8. The polymer of claim 1 wherein the n is between 5 and 300. 

9. The polymer of claim 1 wherein Mw is between about 2,000 and 200,000. 

10. The polymer of claim 1 wherein said polymer is prepared by solution 
polymenzation. 

11. The polymer of claim 1 wherein said polymer comprises additional 
biocompatible monomenc umts. 

12. The polymer of claim 1 wherein said polymer is soluble in at least one of the 
solvents selected from the group consisting of acetone, dimethylene chloride. 
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chlorofbnn, ethyl acetate, DMAC, N-methyl pyrrolidone, dimethylforraamide and 
dimethylsuJfoxide. 

13. A process for preparing a biodegradable polymer comprising the recurring 
monomeric units of formula I: 



R 

'I 




wherein: 

R is selected from the group consisting of H, aikyL aryl or heterocyclic; and 

R' is selected from the group consisting of H, alkyl, alko?cy, aryl, aryloxy, 
heterocyclic or heterocycloxy; and 

n is 5 to 500, 

wherein said biodegradable polymer is biocompatible before and upon biodegradation, 
said process comprising the step of reacting^an amino acid derivative having formula II: 




wherein R is as defined above, v^th a phosphodihalidate of formuja III;>ri n , 

halo — P — halo 
OR' 

where "halo" is Br, CI or 1, and R is as defined above, to form the polymer of formula I. 

14. ' The process of claim 13 wherein R is a branched or straight chain alkyl group 
having from 2 to 18 carbon atoms. 

15. Theprocess ofclaim 13 wherein R is a hexyl group. 

16. The process of claim 13 wherein R' is an alkoxy group having from 1 to 7 
carbon atoms. 

17. The process of claim 13 wherein R is an ethoxy group. 
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1 8. ' ■'■ " the process of ciairK'l S^'whereih riW5'4o'300:- ' 



19. 



The process of claim 13 wherein said process takes place at a temperature 



-aboiit -50 to about +235^C; ' 



\\2 ^■ 



20. 

:?. v.- 

21. 

22. 

23. 

24. 

25. 

26. 
27. 



The process of claim 13 wherein said process takes place during a time 



between about 30 minutes^ and "isieven dayst 



'TO'. 



The process of claim 13 wherein said process is a solution polymerization. 
The process of claim 1 3 wherein, during the process, an acid acceptor is 
present. 



I'.i- ii 



The process of claim 13„wherem said polymer of formula 1 has an Mw of 
about 2,000 to about 200,000. 

The process of claim 13 wherein said polymer of formula I has an Mn of about 



1,000 to about 1'09;OM ' • 



The process of claim 13 wherein said polymer of formula I is purified by 
querichin^'a solutidii of said polymer with n^6iis6lvent or a partial solvent. 

A biosorbable suture comprising the polymer of claim 1 . 



An orthopedic appliance, bone cement or bone wax for repairing 
injuries to bone and connective tissue comprising the polymer of claim 1 . 

ii 28 ;m r- A laininate for degradable.-pr nonrdegradablgi fabrics compri^iitig the polymer 

of claim 1. i.-.oL d:t}t..*^ oLt: ; :■<] . a:.., 

29 . : >k A coating for„an implantable deviceicpmpri§ingTjhe polymer of claim 1 . 

30. ' A Biodegradable^^polymer coMf^&shidn cbmprisiti^^^ ' * ^ - 
(a) at least one biologically active substance and ~ 



. ^ .(b) a ^polymer having the recurring monomeric units shown in formula 1 : 




wherein: , . , , . 



/. '0'. 



is-oi ;/jrio'^i ^hejgro^p consisting of H, alkyl, aiyl or heterocyclic; and 
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5 R' is selected from. ,the.^.gp>up consis^^^ II, alkyl, . alkoxy, aryl, aryloxy, 

heterocyclic or heterocycloxy; and 

n is 5 to 500, wherein said biodegradable polynier , is, biocompatible before and 
upon biodegradation 

31. The polymer compositiort of claim 30. w a branched or straight 
10 chain alky 1 group- ^ 

32. The polymer composition of claim 30 wherein R is a hexyl group. 

33. The polymer composition of claim 30 wherein R* is an alkyl group, an alkoxy 
group, a phenyl group, a phenoxy group, or a heterocycloxy group. 

The polymer composition of claim 30 wherein R' is an alkoxy group. 

15 35. The polymer composition of claim 30 wherein n is 5 to 300. 

36. The polymer composition of claim 30 wherein; ysaic) polymer is prepared by 
solution polymerization. 

37. ;.,, . I The .polymer composition pf claim 30 yv^erein said polyrper comprises 

additional biocompatible monomeric units or is blended with other biocompatible 
20 polymers. 

!}8. The polymer composition of claim '30 wherein said polymer is soluble in at 
' " least one of the "^solvents ' sefectecl from lEKe group consisting of acetone, 
u : i v( aifft'ethylene chloride, chlofbformf, ^ethylii^acetate, DMAC, ^N-methyl pyrrolidone, 
dimethylformamide and dimethylsulfoxide. - i-- 

25 39.^ i ^ The polymery dbmposition of clai^ 30 wherein said biologically active 

substance is selecte^lfrofjijthe g^^^ off poly s?ig^h;aiides, growth factors, 

hormones, anti-angiogenesis factors, interferons or cytokines, and pro-drugs of 

, ' bar 1 vLo-' ' '^-ij jloI^^ . i<:k:2\ hi 

these substances. 

40. ' ' The poiym^ cfaim 30 wherein 'said biotogic active 
30 substance is a therapeutic drug or pro-cirug. 

41. The polymer composition of claim 4Q where said drug is selected from the 
group consisting !6f anti-neoplakic agents, antibiotics^ anti^Virals,; anti-furi 
anti-inflammdtpri^s, and anticoagulants. l i V : . :- -1 

42. The polymer composition of claim 30 wherein said biologically active 
35 substance and said polymer form a homogeneous matrix. i ; • ■ ^ v 

43. The polymer composition 'of clairri 30 wherein said polymer is characterized 
by a release rate of the biologically active substance in vivo controlled at least 

' SUBSTntJTE SHEET (RULE 26) 
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5 i-v^ i :,partialjy as .3:. function -ipf hydrolysis of the polymer , 

. u,during:biodegradation.^K: r,:,;^ r- j,;:- -i^^c ^-^oiv - n 

' 44; - ' An article useful for'implahtatidn, injectiorf; cr^oth'env^ totally or 

. ^jini parti^^ly ^-within the. rbody, said article comprising , a i biodegradable polymer 
composition comprising: ji. ,,r , .j: 

10 ,j . o(a) at least one biologically actixersubstance and ; r - 

^ ' (b) a polymer having the* recurring monomerfci units shown in jfofmula 1 : 




*^:: J. wherein:' i" ^[ : ji^ - -iv.' r*- r :.;^^']' 'jj:!*'-:r f)"i] 

R is selected from the group consisting of H, alky 1, aryl br heterocyclic; and 

15 R' is selected from the group consisting of H, alkyl, alkoxy, aryK aryloxy, 

heterocyclic or heterocycloxy; and 

n is 5 to 500, 

wherein sai^ bipdegradaye poly^ biocpmpatiblp before.and upon biodegradation 
45. The article of claim 44^wherein R is' a branched or straight chain alkyl group, 
20 o vn :46. V ':. KThe article of claim 44 wherein^^h of Rhas frbm:^S;to 10 carbon atdms. 

47. The article of claim 44 wherein R' is an alkyl gfoup,^an alkoxy group, a phenyl 

-! -Si group, a phehoxy group; or a heterocycloxy groiip. »u - t . u ^ 

. . w -i^yj^g article of claim 44 wherein R^^ ' 

- - 4^ '"^'Ttie article o^claim ' ^ ' 

25 , . The article of claim 44 v^herein said polymer is prepared by solution 

polymenzation. - 

51. The article of claim 44 .wherein said polymer comprises additional 
biocompatible monomeric units. 

52. The article of claim. 44, wherein'^said polymer is soluble in at leasVone of the 
30 solvents; selected from the ^ group consisting of acetone, dimethylene chloride, 

chloroform, ethyl acetate, DMAC, N-m^thyl pyrrolidone, dimethylfoirnamide and 
dimethyl sulfox ide . 

;SUBSTrTUTESHE0;.(RULE26) 
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5 ^ '53. ' The^aruclc 6f 'ela(im 44 therein said biologically ^active substance is selected 
from the group consisting of polysaccharides, growth factors," hormones, anti- 
. ; : .^angiogen^is .factors, interferons, or cj^tokji^es, ^d pro-drugs of these substances. 

y : 54r '^'^^V}i^^s^tl€^,of claim 44 whefeih' said-' biologically active - substance is a 
therapeutic drug or pro-drug. :-Hi:>. > . 

10 55. The article of claim 54 whereih-'sald biologically -active -substa^ is selected 

from thje grqup consisti^ng of anti-nepplaistic,. agents, antibiotics, ^ti-virals, anti- 
fungals, anti-inflammatories, anticoagulants, and pro-drugs of these substances. 

56. The article of claim 44 wherein said biologically active substance and said 
polymerFfbrm a homogeneous matrix. ! i // \ j 

15 57. Theiaffidle of claim 44 wherein said biologically active substance is 

encapsulated within said polymer. 

58. The article of claim 44 wherein said polymer is characterized by;a release rate 
of the biologically active substance in vivo cQntrplljed at least partially as a 
function of hydrolysis of the phosphoester bond of the polymer upon 

20 biodegradation. 

59. The article of claim 44 wherein said article is adapted for implantation cr 
injection into the body of an animal. 

\iu^)fil^^p'. The articW'of^<ilalih 44 whfefdin isWid article results in mihiinal tissue irritation 
q tr^ ; :^ ^ whcn implaHtcd ofc l^ij cctcd ifito vascjulatcd tissuc-r^^ ^ ^ - ^ ^^J . 

25 6il.}ii , odThe articler of claim :44.Wh^^ article is in theifontf'bf a laniJnate for 

degradable fabric. . ^ ,^ ^.--^ i 

62. The article of cJaini 44 Wherein s^id a^^ a biosorbable 
suture, a material for repairing bpne injuries, or a coating on an implant device. 

63. A method for the controlled release of a biologically, active substance 
30 comprising the steps of: 



(a) combining the biologically active substance wilJi a ^iodegra^^^ polymer 



having the recurring monomeric units shown in formula 1: 




wherein: 
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5 J r ■ : R K are each, -indeRendently, selecipd from. the. group, icqnsisting of alkyl, 

alkoxy, aryl, aryloxy, heterocyclic or heterocycloxy; and.^- i if- , ij 

' n-is-5 to 500,. • ,r:.:0, u -.{v - M r^!:; >o bxD^.n 

wherein said biodegradable polymer is biocompatible-before and Upon bi&degradation, 
ry : ic form an admixture;^ , . : r. : ■ - . .<> nv^rj.., u.::.!\;ni tn". .a 

1 0 (b) forming said admixture into a shaped, solid arficle; arid ^ - " ^ ' ' • ^ 

(c) implanting or injecfing said solid aiticlfe' in vivo at a'preselected site, such that 
the solid implanted or injected matrix is in at Ifeast partial contact with a 
biological fluid. 



1 5 64. The method of claim 63 wherein R is a branched or straight chain alkyl group. 

65. The method of claim 63 wherein R* is an alkoxy group. 

66. The method of claim 63 wherein the n is 5 to 300. 

67. The method of claim 63 wherein said polymer comprises additional 
biocompatible monomeric units. 

20 68. The method of claim 63 wherein said biologically active substance is selected 

from the group consisting cf polysaccharides, growth factors, hormones, anti- 
angiogenesis factors and other anti-neoplastic agents, interferons or cytokines, and 
pro-drugs of these substances. 

69. The method of claim 63 wherein said biologically active substance is a 
25 therapeutic drug or pro-drug. 

70. The method of claim 69 wherein said drug is selected from the group 
consisting of chemotherapeutic agents, antibiotics, anti-virals, anti-fungals, anti- 
inflammatories, and anticoagulants. 

71. The method of claim 63 wherein said biologically active substance and said 
30 polymer form a homogeneous matrix. 

72. The method of claim 63 further comprising encapsulating said biologically 
active substance within said polymer. 

73. The method of claim 63 wherein said polymer is characterized by a release 
rate of the biologically active substance in vivo controlled at least partly as a 

35 function of hydrolysis of the phosphoester bond of the polymer upon degradation. 

J ^'^f^lts i n nn^i jng nial 

tissue irritation when implanted or injected into vasculated tissue. 
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3 ^ 75: ^ ' - 'The methba-^ clSiiti 63' WBerein said art*c1d'ik'in the form of a laminate for 

degradablefabinSP *V'Oiox:oo:'3v^=? ^ ...-A . n . . .// / = ''i 

76. The method of claim 63 wherein said polymer composition is used as a 

\y:f' tji::.cpating:for3n impl^t.-:^ ^/-^ ■■. ^yUjn - ^r/r^ s.^. -jif;:, r' -.-anv' 

77. The method of claim 63 wherein the polymer comF^sitionis used as^a barrier 
10 for adhesion prevejitjpi?.; .--.q. : o-pm •> K.ib' :. / . ^ ' 

r;A //78b ^ c: ^The method gf claim. 63[Ayh(?rein s^id pqlymer cpmposition is fabricated as a 
K rlr- : tube fbtr^ierve generation. , ^ n , : : A; - * 
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